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JOB PERFORVANCE REPORT

State of: 1daho Nane: River and Stream
| nvestigations
Project No.: F-73-R-13 Title: WIld Trout Investigations:
Statewi de Data Summary,
Subproject No.: 11 St at ewi de Popul ati on

Si mul ati ons

Study No.: 1V Job No.: 1

Period covered: March 1, 1990 to March 31, 1991

ABSTRACT

V¢ sunmarized existing fishery and population data for a variety of I|daho
wild trout fisheries. Gowh of cutthroat trout Oncorynchus clarki was
positively related to conductivity in Idaho waters (p <. 001). W found no
relationship for rainbow trout Oncorhynchus nykiss. Stream wi dth expl ai ned a
large part of the variation in trout density and growh. Statew de conparisons
of angler effort and trout density were limted by a lack of surface area
measurenents for nost streans. Season-long effort ranged from 70 to 1,100
h/ hectare for waters with usable data. WId trout harvest rates ranged from
0.05 to 0.43 fish/h, but were often near 0.25 fish/h. The devel opnent of a
st andar di zed sanpling manual should be a priority in the future.

We used sinulations to describe the potential stock structure of
unexpl oi ted popul ati ons over a range of |daho growmh. Results suggest few
streans in ldaho have the potential to be designated as trophy streans based on
gui delines fromthe Idaho Departnent of Fish and Gane Fi ve-Year Managenent Pl an.
Sinmul ated popul ations did not produce a population with 20% of fish exceeding
406 mm until length at age 4 approached 400 mm Enpirical validation is
difficult because of sanpling bias. Variable recruitnent nakes observed stock

structures m sl eadi ng or vari abl e.

W sinulated the effect of 12 regulations over a range of |daho growh
rates. Low exploitation rates (20% had little effect on total nunbers of
cat chabl e-si zed fish greater than 153 mm or on egg production, regardless of
regul ati on. Low exploitation had a substantial effect on nunbers of quality-
sized fish for all but the nost restrictive regulations. Results show that, for
bi ol ogi cal purposes, the variety of regulations used on a statew de basis can
be reduced.

Aut hor :

Dan Schil |
Seni or Fi shery Research Bi ol ogi st
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I NTRODUCTI ON

The status of ldaho wild trout fisheries has been a focus of attention for
| daho fishery personnel for nany years. Exanpl es of successes include the South
Fork Boise Rver, &. Joe Rver, Kelly Oreek, the Hnrys Fork of the Snake R ver,
and the South Fork of the Snake R ver. Waters where special regul ations have
not produced expected results include the Coeur d' Al ene and Bl ackfoot rivers.

Despite the tinme invested in wild trout nanagenent, |daho still does not
have a statew de perspective. Information tends to be drainage basin in nature
or limted to geographic boundaries, such as northern Idaho or southeastern
| daho. The lack of broader perspective limts our ability to develop realistic
nanagenent goal s based on the previous experience of others. For exanple,
density data from an individual water could be conpared with a statew de data
summary to see if room for inprovenent exists. If densities were on the |ower
end of the spectrum inprovenents in the fishery woul d seem probabl e by sone
managenent action. If densities are high conpared to the summary, new actions
coul d be expected to have less or mninal effects.

The justification for this work is to increase our perspective to aid in
better managenent deci sions without the collection of additional data.

In presenting regul ation alternatives to the public, perhaps the nost often
asked questions are: "How big will the fish be?" "How many nore fish will there
be?" Catch rates are inportant (Reid 1989), but anglers seem especially
sensitive to changes in fish size (Parkinson et al. 1988). Thus, predictions
of stock structure for catchabl e-sized segments of the popul ation are inportant
to angl ers and nmanagers.

The current |daho Departnment of Fish and Gane (IDFQ Five-Year Managenent
Plan (1daho Departnent of Fish and Garme 1991) calls for designation of special
regulation trout streans in Idaho as either quality or trophy, depending on the
percentage of the population in excess of 16 inches. A know edge of potenti al
stock structures of our popul ations would help assess this standard. It would
also help biologists and anglers devel op realistic expectations on waters where
regul ati on changes are bei ng consi der ed.

OBJECTI VES

1. To summarize existing popul ation and fishery data on fluvial popul ations
of wild trout in lIdaho. Use this data to develop enpirical predictive
nodel s for |daho waters.

2. To devel op possible size structure goals for wild trout popul ations in
| daho.
3. To examne regulation alternatives on a statewi de basis and evaluate the

nunber needed to neet nanagenent goals in terns of fish nunbers, size, and
recruitnent.
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METHODS

St at ewi de Data Summary

The approach was to summarize existing data describing wild trout
popul ations and their nanagerment in |daho. W focused on data col |l ected during
the |last decade. Data were obtained through agency and university reports. No
attenpt was nade to examne raw data in files. Species included in the summary
were cutthroat, rainbow, brow, bull, and brook trout. The variables selected
for conpari son were:

Popul ati on Dat a

G ow h- Expressed as back-calculated length at age 4. Summarized for stream
stocks only.

Densiti es- Expressed as nunbers of age 1+ fish/hectare and age 1+ fish/stream
km

Estinates were deternined by el ectrofishing or snorkeling techniques. Mean
densities (total for all species) are reported for individual streans, along with
the range observed anong sanpling stations. |f sanpling was done several tinmes
t hroughout the season, we averaged all estimates for a grand mean for each site.
In some cases, only a single site was sanpled. Fry were excluded from the
dat abase because of their msleading effect on overall density (Platts and
McHenry 1988). W did not include adfluvial stocks in the summary since |arge
segnents of these popul ati ons woul d be m ssing for conparisons.

Stock Structure- Expressed as the percent of fish larger than 305, 406, and 508
mm The above indices were applied only to those fish exceeding 200 mnmin total
length (see Anderson 1980). In subsequent discussions, we refer to the 305, 406,
and 508 mm percentages as proportional stock structure (PSD), quality stock
structure (@D, and trophy stock structure (TSD, respectively (ldaho Departnent
of Fish and Game 1991). V¢ calcul ated stock structures for individual streans.
When multiple stations and seasonal sanples were available, we cal cul ated
wei ghted averages based on fish nunbers. In some cases, we approxi mated val ues
from graphical length frequencies when nunerical data were not provided in the
report.

Standi ng Crop- Expressed as kg/ hectare.

Natural Mrtality- Expressed as conditional annual rate (R cker 1975).

90REPRT



Fi shery Data

Fi shery paraneters were sunmarized fromformal creel surveys. V& used only
data that covered nost of the angling season (typically late May to Septenber,
Qctober, or Novenber) and considered them as approximati ons of season totals.
A list of actual census dates is available in Appendi x A

We sunmari zed the foll ow ng:

Angl er Effort- Expressed as angler h/hectare and h/km Harvest (Nunber/km and
nunber/ hectare), Yield (Kg/hectare), Mean |length harvest (mj, Man weight of
individual fish in the harvest (g), Stock structure (Proportion in the 200 mm:
harvest that exceeded 305, 405, and 508 nmm), Catch rate (Fish/h), and Harvest
rate (Fish/h).

Physi cal Habitat Data

VW sunmarized conductivity and streamw dth to describe relationships wth
the biological and fishery variables. Late sumrer to fall conductivities were
obtained fromdata in individual reports and, in sonme cases, from project
sanpling. Streamw dth data was derived frominformation in reports and from
| DFG Regi onal Managenent files. W used sinple linear regression analysis to
exam ne rel ationshi ps between growh (length at age 4) and physical variables
for both rai nbow and cutthroat trout.

Potential Stock Structure

Potential structure was defined as the best possible, (i.e. under no
exploitation). W used an age-structured popul ati on nodel, MOCPCP (Beanesderfer
1988), to sinulate size structures possible with the range of growth and natural
nmortality observed in |daho.

V¢ used a sensitivity analysis to describe the range of possible results.
VW held all paraneters constant and independently varied parameters for growh
and natural nortality.

A summary of parameters used in the similations is presented in Table 1.
Docunented growth across the state (excluding brook trout) ranged from about 200
to 450 nm at age 4. W assuned slower growth occurs in unstudi ed headwater
streans and used growth rates from 175 to 450 nmat age 4. G owh was descri bed
with the Von Bertal anffy nodel (R cker 1975). In some cases, we were unable to
fit observed growth with that nodel. In those cases, we built curves that
approxi mated enpirical growh data, but did fit the nodel.
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Table 1. Summary of parameters used in stock structure sinulations.

Paraneters for Esti mate or equation? Sour ce
G owt h- LAA4P=
175-trib. streams L=986 (1-e -05(Age-0.09) Theoreti cal
200- SF Sal non CT L=910 (1-e-00(hae0-12) ) Mbdi fied from Thur ow
1027
222-St. Joe River CT L=966 (1-e " 07(9e0-1D) Johnson & Bjornn 1978
277-MF Boi se River RB L=065 (1-e ~07(Aee0-1D ) Theoreti cal

_e -0 21(Age-0. 34))

343- SF Snake River CT L=637 (1 Moore & Schill 1984

406- Bl ackf oot River CT L=610 (1-e "0 27(Age-0.21)y Modi fi ed from Thurow
1081
461- SF Snake River BN L=807 (1-e 0 24(Age-0.52)) Moore & Schill 1984
Recr ui t ment Constant - 10, 000 -

Natural Mortality®

H gh 0.50 Ri eman 1989 and this
rannr t
Low 0. 30
Excessi ve 0.70
in each equation L = length in mllinmeters.

PLAA4 = length at age 4.
“Conditional natural nortality as a proportion assuming no other nmortality is
operating on the popul ati on.
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Based on our summary of statew de natural nortality, we selected 0.30 to
0.50 as the range in Idaho waters. V¢ included an additional rate (0.70) to
provide perspective for where excessive nortality in individual fisheries is
suspected. Sock structures were calculated by dividing the total nunber of fish
larger than 200 mm by the nunbers greater than 406 and 508 mm

V¢ assuned age 6 was the upper limt for fish in the sinulations. V¢ al so
assuned natural nortality is constant from age 1 to age 6. Finally, we held
recruitment constant during all simlations.

Regul ati on Conpari sons

V¢ chose three growth rates that cover the range commonly observed in |daho
fisheries. Qowh rates used in the predictions were based on data from three
Idaho waters. However, they approxinate rates observed for wld trout in the
foll owing waters:

Low (length at age 4 = 200)- South Fork Salnon and fluvial St.Joe River

Medium (length at age 4 = 288)- Mddle Fork Boise, Vérm R ver, Medicine
Lodge QO eek

Hgh (length at age 4 = 352)- South Fork Boise (below dan), Slver Ceek,
and catch and release section of B g VWod
R ver

V¢ subjected simulated popul ations growing at these rates to exploitation
under different regulation scenarios. Three exploitation rates were exani ned
(0.00, 0.20, and 0.80). Exploitation was turned on or off on individual age
classes consistent with 12 regulations that included nininum and naxi nrum si zes
and slot lints. A sumrary of regulations tested and additional paraneters used
in the nodeling is presented in Table 2. V¢ assuned fish could survive one year
past ages wusually reported in scale analyses. In slow and nodest growh
popul ations, this age was seven years. V¢ assuned fish in fast growmh waters
woul d survive six years.

Mbdel outputs were nunbers of fish in the popul ation larger than 153 and
305 mm and eggs produced. Sinmulation were run long enough to allow the
popul ation to stabilize (i.e. one generation under constant recruitnent). Ve
conpared predictions to assess which regulations naxi nized these outputs and
whi ch ones produced simlar results. The nininum size available to angling gear
was assuned to be 153 mm

Absolute nunbers in our similations were strongly influenced by growh
rate. To standardize results, we converted results to proportions of unexploited
nunbers. This approach shows the relative regulation effects among popul ations
wth different growth potentials on a common scale. Stock recruitnent functions
are not well docurented for Idaho wild trout popul ations. W, therefore, held
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Table 2. Summary of paraneters used in the statew de regul ation simul ations.

Par ameters for Esti mate or ectuation® Sour ce
Gr owt h- LAA4
Hi gh- 358 L=702 (1-e -0 18 (Age-0.12)) Moore et al. 1979
Medi um 288 L=569 (1- e 0 19-(Ase0:32) ) Rohrer 1989
Low- 200 L=794 (17e 070 (Aoe0.190) Thur ow 1987
Fecundity 0. 0003* L2 57 Rieman et al . 1989

Natural nortality®

Hi gh .50 Ri eman et al . 1989
& this report
Low .30
Recr ui t ment Constant at 10,000 fi sh -

Expl oi tati on
Hi gh 80% -

Low 20% -

Si mul at ed Regul ati ons

Ceneral - no size limt

- 6, 12, 14, 18, & 20 inch m ni num si zes
10 and 12 i nch nmaxi mum si zes

12 to 20, 8 to 16, 12 to 16 slot limts

% 'n each equation L = length in mllineters.

®Conditi onal natural nortality as a proportion assunming no other nortality is
operating on the popul ation.
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recruitment constant in all sinmulations at 10,000 fish per year. Conparisons
anong popul ations can be viewed only on a per recruit basis. Any conparison of
predi cted nunbers will be conservative where recruitnent is less than the
capacity of the avail abl e habitat.

RESULTS

St at ewi de Data Sunmmary

Popul ati on Dat a

QGow h-Estinated length at age 4 ranged from192 mmto 453 mmfor fl uvi al
St. Joe Rver cutthroat trout and South Fork Snake River brown trout Salno
trutta, respectively. W also found substantial variation in species-specific
gromth rates. In all cases, westslope cutthroat fromnorthern and central |daho
grew slower than Yellowstone cutthroat fromwaters in southeastern |daho. Min
Snake R ver fish (Shelly reach) grew faster than any other cutthroat popul ation
(Figure 1).

Rai nbow growth varied nore than cutthroat growth. Length at age 4 ranged
froma |low of 217 mmon Upper Warm River to 434 nmon the Henrys Fork of the
Snake R ver near Island Park. A nunber of popul ar rainbow fisheries, including
Silver Oreek, Big Lost, South Fork Boise, Big Wod, and Portneuf rivers, had
nearly identical growh rates (Figure 2). In contrast to the northern cutthroat
streans, nmany of the slower-grow ng rainbow trout populations tended to be
tributary streanms for nore inportant fisheries.

Cutthroat growmh was usually slower than rainbow trout in nost |daho
waters. Exceptions were three high conductivity waters in southeast |daho where
cutthroat growth was sinmlar to that of nost rai nbow (Figure 3).

Gowth of rainbow trout was not significantly correlated with conductivity
(Figure 4). Rainbow trout growth was correlated to streamwi dth (p <0.01)
(Figure 5), but two points had a najor influence on the rel ationship. Qutthroat
trout growth was significantly related to conductivity (p <0.001). A sumary
of all back-calculated |length at ages for rai nbow and cutthroat popul ations are
in Appendi x B. Summaries for brown and brook trout are in Appendi x C

Trout Densities-Trout density was significantly (p <0.001) related to
streamwidth (Figure 6). Small tributary streans contai ned higher densities of
wild trout than those in excess of 10 mw dth. Nearly all popul ation estinates
for streamw dths in excess of 50 mcame from Region 6 in southeastern |Idaho
(Figure 7). Estimated densities of fish in these streans ranged from al nost 0O
fish/100 nf in the case the Snake River near Shelly to a high of alnpbst 7
fish/100 n? on the special regulation segnment of the Henrys Fork. The nmajority
of these estimates include only fish in excess of 150 mm Variation in density
anong sites was usually low (+x25% of the nean or |ess).
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Coeur d’'Alene River

Teton River

S. Fk. Snake River

‘| 378
I 1 [ ]

100 200 300 400
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Figure 1. Back-calculated length at age 4 (mm) for fluvial cutthroat trout in eight Idaho streams.
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Figure 2. Back-calculated length at age 4 (mm) for fluvial rainbow trout in 21 TIdaho streams.
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Figure 3. Comparison of back-calculated length at age (mm) for fluvial rainbow and cutthroat
trout populations in major Idaho fisheries.
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Figure 7. Densities of fluvial wild trout (fish/100 m?) in Idaho waters over 50 m wide.
Bars depict range of densities at various sites in the same stream. Triangles denote

special regulation waters.



There was a wider range of trout densities in streans ranging from 10 to
50 min width (Figure 8). The Mddle and North Forks of the Boise R ver both
contained the lowest densities at about 1 fish/100 nf. The highest densities
were in a general regulation segnment of the Big Lost River immediately bel ow
Mackay dam (12 fish/100 n?). The Buffalo River in Region 6 also contained good
nunbers of fish, but small brook trout accounted for nost of the popul ation.
I ndi vidual popul ation estimates for streans in this size group often ranged from
50% to 70% about the mean.

VW found |arge amounts of data on Idaho tributary streans less than 10 m
in width. Much of this data is not conparable, however. Unusable data was
expressed in linear terns (fish/100 n) or as nunber of trout per snorkeling
transect. The nost conplete data were from southeastern |daho (Figure 9?.
Estimated trout densities in 124 sites in IDFG Regions 5 and 6 ranged fromnearly
0 to 87 fish/100 nf. Forty percent of all sites sanpled had densities of |ess
than 10 fish/100 nf. However, stations with densities in excess of 20 fish/ 100

wer e conmon.

Standing Oop-Only seven studies with docunented standing crop estinates
were found in ldaho. Wights were rarely reported. Data were insufficient for
characterizing |daho popul ati ons.

S ze Structure-The estimated size structure for popul ations determned by
electrofishing is presented in Table 3. PSD estimates ranged froma |low of 1%
for the Birch CGeek population to 63% for the Nature Conservancy section of
Silver Oeek. Special regulation segnents of the Henrys Fork, Silver Oeek,
and the Big Wod River all had higher PSD estinates than nearby general
regul ati on segments. A nore pronounced difference between general and speci al
regul ati on segnents was obvi ous when conparing fish in excess of 406 nm (QED).

Few streans had appreciable nunbers of rainbow or cutthroat in excess of
508 mm (Table 3). A general regulation segnent of the Portneuf River had the
hi ghest TSD of 3%

A nunber of additional reports contained |ength frequency data in graphical
form In nmany cases, however, sanple sizes were too |ow or other information
needed to generate nunerical summaries was not avail abl e.

Natural Mortality-Estinmates of conditional natural nortality in ldaho wld
trout streanms ranged fromO0.31 to 0.64. The |owest estimate was for the Upper
St. Joe River and the highest was for the Spokane River (Figure 10). Most
estimates ranged between 0.30 and 0.50. | wused that range in subsequent
nodel i ng.
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Densities of fluvial wild trout (fish/100 m2) in Idaho waters from 10 to 50 m in width.
Bars depict range of densities at various sites in the same stream. Triangles denote
special regulation waters.

Figure 8.
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Table 3. Population structure for wild trout fisheries in |daho based on
el ectrofi shing sanpl es®
_ St ock structure® _

Strearn Secti on Wdth % >305 %>406 % >50 Speci es

Henrys Fork R RR Ranch & 97 4 27 2 RB
Box Canyon

Henrys Fork R Pi ne Haven & 65 7 1 2 RB
Cardi ac

Silver C Kilpatric & 36 42 8 .2 RB
Pri est 5 42 15 BN

Silver C Nat ur e 6 25 0 RB
Conservancy 30 40 40 24 BN

MF Boi se R Mean for 24 4 N A 0 RB
entire stream

NF Boi se R Mean for all 23 13 N A 0 RB
sections

Bi g Wod R Sections 2,3,4 18 21 5 . 05 RB

Big Wod R Cé&R 18 2 4 4 RB

Port neuf R Above Lava 18 4 17 3 RB, CT
Hot Spri ngs

Big Lost R Near Arco & 17 48 4 .02 RB
bel ow Mackay

Birh C Mean of 10 1 0 0 RB, BK
sections

St al ker C. 1 section 9 42 15 1 RB, BN

Little Lost R 4 sections 7 3 0 0 RB, BK

°Big Wod R ver corrected for electrofishing size bias, all others
®PBased only on those fish >200 nmmin | ength.

VTABS

19
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Figure 10. Estimates of conditional natural mortality rates for Idaho wild trout populations
from past studies.



Fi sheri es Data

Angler Effort-Mst data were reported in total hours or h/km Estimates
of effort per surface area were often not available. Annual estinates of angler
use ranged from96 to 2,726 h/km (Figure 11).

Annual effort h/hectare/year ranged froma |low of 70 h/hectare on the
Snake Rver near Shelly to over 1,100 h/hectare on the Nature Conservancy segnent
of Slver Oreek (Figure 12). Angler effort on a general regulation segnent of
MOy Ceek, a snall (5 mto 10 mw de) streamin southeastern |daho, approached
t hat observed on Silver Creek.

Harvest-Nearly all wild trout streans in the sunmmary effort were al so
planted with hatchery rainbow trout. W could not confidently estimate wild
trout catch (harvest + release) rates. W were able to separate wild and
hat chery trout harvest in nmost cases. Season-long harvest rates ranged from a
low of 0.05 fish/h on the Boise R ver in downtown Boise to 0.43 fish/h on the
Big Wod R ver. About half of the streanms in the summary sustained harvest
rates between 0.22 and 0.28 fish/h (Figure 13, Appendix D-2).

Few estinated harvest rates were below 0.17 fish/h. The South Fork Boise
R ver above Anderson Ranch had the |owest harvest rate. The Big Wod, Teton,
and South Fork Snake rivers had the highest harvest rates.

Wi ghts of fish were rarely reported, thus, we could not conpare weights
or yield in the fisheries.

Potential Stock Structure

Natural nortality had a large effect on predicted size structure (Figure
14). Where natural nortality is high (70%in the nodel), very few fish exceeded
406 mm (BD) no matter what growth rates were. Mdel results did not always
conpare closely with QD estinates of size structure from actual catch-and-
rel ease fisheries (Table 4).

The nodel predicted few trout over 508 mm (TSD) when growth was |ess than
400 nm at age 4 (Figure 15). Qur results were simlar to estimated TSD on
sections of the Big Wod and Silver Creek. Predicted TSD for the Henrys Fork
did not agree with observed estimates (Table 4).

The nodel predicted a TSD of about 20%for the best growth in Idaho (i.e.

Sout h Fork Snake River brown trout) and with low natural nortality. The
predicted estimtes approached 25%if fish commonly lived to age 7.
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Figure 11. Creel census estimates of angler effort (hours/km/year) for available Idaho waters

containing wild trout. Triangles denote special regulation waters.
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Figure 12. Creel census estimates of angler effort (hours/hectare/year) for available Idaho
waters containing wild trout. Triangles denote special regulation waters.
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Figure 13. Estimated harvest rates (fish/hour) of wild trout in various Idaho fisheries.
Bars depict ranges when more than one year was censused.
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GROWTH INDEX (Length-at-Age 4)

Simulations of potential quality size structure (PSD >406 mm) for wild trout

-populations in Idaho with no exploitation, constant recruitment and varied rates

of growth and natural mortality (n). Points represent growth range in Idaho for
all species. Dark band represents likely range of natural mortality. Actual
parameters used for simulations are in Table 1.



Table 4.

Predicted and observed stock structures for existing catch-and-release fisheries in Idaho.

Predictions based on reported growth and assumed conditional natural mortality range of

0.30 to 0.50.
Estimated Stock Structure
Tlength SDA TSD
ream 4 redi rv redi rv r
Big wWood River 364 8-14 4.0 0 0.05 Thurow 1990
Silver Creeks 358 8-14 25.0 0 0 Reihle et al. 1989
Henrys Forked 434 17-29 26.0 7-15 2 Angradi & Contour 1989
MF Salmon River 241 0.0 0.0 Thurow 1983, K. Ball

personal communication

QSD
5TSD

TABLES

Quality stock density or proportion of all fish over 200 mm in total length that exceed 406 mm.
Trophy stock density or proportion of all fish over 200 mm in total length that exceed 508 mm.
cElectrofishing data not corrected for size selection.
dAssumes no harvest with the 8-20 slot limit.
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Simulations of potential trophy size structure (PSD >508 mm) for wild trout
populations in Idaho with no exploitation, constant recruitment, and varied rates
of growth and natural mortality (n).

Points represent growth range in Idaho for
all species.

Dark band represents likely range of natural mortality. Actual
parameters used for simulations are in Table 1.



Requl ati on Conpari sons

Predi cted nunbers of fish increased 1.4- to 3-fold over the range of growh
conpared. The effect of growh on nunbers was greatest for the |argest size
classes (Figure 16). Gowh had a much smaller effect on total nunber greater
than 153 mm W express subsequent nodel predictions as a proportion of these
unexpl oi ted nunbers.

Gowh had little effect on predicted nunbers larger than 153 mmwith any
of the regulations (Figure 17). Even with heavy exploitation, differences were
always less than 25% S ot limts produced fewer (30e to 50% total fish than
m nimum size limts.

Mnimumsize limts were far nore effective than slot limts in increasing
nunbers larger than 305 mm especially when exploitation was high (Figure 18).
Slot and maxinmum size limts produced little or no benefit over general
regul ati ons when growth was slow or exploitation high. D fferences anong the
individual regulations were small relative to differences anong regul ation types
(e.g. mnimum vs naxi mum or slots). H gh exploitation resulted in al nost
conplete loss of large fish unless mninumsize limts were used.

The effect of regulations on egg production were nore sensitive to growh

rates, especially at higher exploitation rates (Figure 19). Small mninum size
limts were effective with slow growth but not fast growth (i.e. the faster the
growth, the larger the mninumsize limt necessary to get the sane relative
response in the population). Sot and maxinum size limts did not provide nuch
benefit over general regulation at high exploitation.

DI SCUSSI ON

St at ewi de Data Sunmary

The summary results provide sone insight as to what to expect in lIdaho wld
trout fisheries. Conductivity was highly correlated with growth in cutthroat
trout. Several large southeast |daho waters strongly influenced the regression
results, however (Appendix A 2). Data from additional snaller streans with
conductivities between 200" to 400 unhos woul d be desirable in evaluating the
rel ati onship.

MFadden and Cooper (1962) found a simlar relationship between conductance
and growth in brown trout in Pennsylvania streans. Qhers have rel ated
conductance to ganme fish production in streans (Scarneccia and Bergersen 1987,
O Conner and Power 1976).

Gowh is an inportant factor in fish popul ation dynamcs and nanagenent.
Qur sinulation results indicate growth has a major effect on potential stock
structure over ranges observed in ldaho (Figure 14). Qur results suggest a
sinpl e conductivity neasurenment can provide sonme perspective for a nanager
interested in potential stock-structure of a cutthroat fishery.
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Gowth rates of rainbow trout were usually greater than those for cutthroat
trout. This difference has been explained by the typically |ess productive
northern and central |daho waters containing westslope cutthroat trout. However,
hi gher rainbow growth may al so be dictated by other unknown factors. Rai nbow
trout growth exceeded that of cutthroat, even at simlar conductivities (Figure
4). W had little data where rai nbow and cutthroat were found together, naking
di rect conparisons inpossible.

Conductivity was a poor predictor of growh in rainbow trout. Mich of the
variation in rainbow growth nay be explained by tenperature. For exanple, nearly
all positive outliers on the low end of the conductivity scale cane either from
spring creeks or tailwater fisheries (Appendix A-1).

Trout densities were significantly correlated with stream width (Figure
6). These results may al so be msleading because age 1 and 2 fish were often
less vulnerable to electrofishing gear in streams larger than 15 mto 20 min

w dth. However, they do point out the need to stratify density data when mnaking
compari sons on a statew de basis.

Stream wi dth has been inversely related to standing crop in other
popul ati ons (Binns and Ei sernan 1979; Lanka et al. 1987). However, w dth has
explained only a fraction of observed variation (r?=18-27% (Lanka et al. 1987).
Streamwi dth, by itself, will provide only a crude prediction of densities or
st andi ng crops.

Density estimates for 10 mto 50 mw de lIdaho streans were highly variabl e
when multiple stations within a stream were sanpled (Figure 8). Numerous
sanpling sites are needed to characterize densities in these streans. The nunber
of sites should be related to habitat variability (Hanken and Reeves 1988).
Sanpl i ng gui delines mght be devel oped with further analysis of existing data.

There were nurerous estimates of angler use for wild trout fisheries in
| daho streans. However, nuch of the data was expressed in h/km GConparison of
effort on a linear basis should only be done on adjacent or simlar stream
reaches.

Relatively few Idaho waters had effort estinates expressed in terns of
surface area (h/hectare). Estimates for MCoy Oreek and Silver (reek were both
near 1,000 h/hectare/year and were anong the highest observed. Effort on these
two streanms is well below that reported for other waters nationw de. D enstadt
(1977) reported angler effort estinmates in excess of 6,000 h/hectare/year on Hot
Oeek in California. Estimates of angler use on streans in Col orado can exceed
3,000 (Anderson and Nehring 1984; Nehring, Golorado Division of Wldlife, Fort
Collins). Efort estimates for future creel surveys reported as a function of
surface area will help with conparisons. Conversions of existing data for
references would be a good research priority. This statew de data summary shoul d
provi de managers with some perspective. W still do not have good predictors,
however, of the potential for any single fishery.

Sonme data needed to conpare anong fisheries were not collected. Linear
rather than area estimates of effort and densities are exanples. Wights were
rarely reported, precluding the possibility of estinmating yields or standing
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crops. The incorporation of weight into our catch and popul ati on data woul d
reduce the nasking effects of fish size on densities. Juvenile fish, for
exanple, typically contribute only about 10% of sal nonid bi onass, but nay
dom nate estimates of total density (Alen 1951). The devel opnent of | ength-
wei ght rel ationshi ps and conversion of existing data woul d be a good wld trout
research priority.

A core data set focusing on habitat and popul ati on vari abl es has been
proposed (C Petrosky, |daho Departrment of F sh and Gane, personal comunication)
but has not been used widely for resident fish. R eman and Apperson (1988)
called for standardization of other variables, including fishery statistics.
The devel opnent of a conplete sanpling manual should be a priority on this
project. Standardization of data collection efforts would provide biologists
with easily conparable data on a statewide basis. In a few years, a sizeable
gain in informati on woul d be reali zed.

Wi | e expandi ng our in-state database, several other options exist to
inprove our understanding of wild trout fisheries. A najor effort should be made
to summarize internmountain data from other states. Platts and MHenry (1988)
summari zed density and biomass data for trout and char in western streans after
subdividing 11 states into 7 ecoregions. Their density conparisons were
confounded by inconsistent treatment of juveniles in population estinmates.
Bi omass estinates are |less sensitive to this bias and were available from
surroundi ng states.

Bi omass estimates for the Internountain Sagebrush ecoregion (western U ah,
Nevada, southeast (regon, and southern lIdaho) ranged from 1l to 136 kg/ hectare
and averaged 40 kg/hectare. Thirty-six percent of study sites had standing crop
estimates of 15 kg/hectare or less. No estinmates of standing crop from | daho
wer e included.

Estimates for the Colunbia R ver forest ecoregion (central and northern
| daho, eastern Washington, and northeastern Oregon) ranged from 0.5 to 218
kg/ hectare and averaged 3.8 kg/ hectare. Forty-four percent of study sites had
standing crop estinates of 10 kg/hectare or |ess. The few bionass estinmates
reported for lIdaho waters were included in this summary.

Exi sting predictive nodels mght also be used. W did not use avail able
habitat nodels to predict salnonid standing crops in the first year of our
project. Several enpirical nodels exist, but are typically limted by smnall
sanpl e sizes, failure to address measurenent errors or other statistical problens
(Marcus et al. 1990; Fausch et al. 1988). The naj or biol ogi cal assunption of
these nodels, that the fish populations are limted by habitat rather than
fishing nortality, is often not addressed (Fausch et al. 1990). Al so, the tine
required to learn and neasure variables used in nore precise nodels (e.g. Binns
and Ei serman 1979) seens prohibitive for nost situations.

Despite these limtations, an effort should be nade to identify the best
of these nodels for managenent. W& will focus on the sinplest nodels that still
provi de reasonabl e predictive precision. In nost cases, this wll include nodel s
wi t h geonorphic variables (Parsons et al. 1981; Lanka et al. 1987).
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Fi shery biologists are expected to develop realistic nmanagenent plans for
nunerous wild trout species in a variety of habitats. The potential for a
fishery should be central to any managenent goal. Additional efforts will
continue to be made to provide prediction and perspective on wild trout potentia
in ldaho waters on this project.

Potential Stock Structures

Growth and natural nortality both had large effects on sinulated size
structures (Figures 14 and 15). Estimates of growmh are relatively easy to
obtain and are available for nunerous |daho waters. Estinmates of natura
nortality are limted, require substantial time and effort to obtain, and are
often of questionable accuracy (Vetter 1988). Therefore, goals based on stock
structure nust be general

Preferably, results should agree with actual observations. There was poor
agreement between our nodel predictions and enpirical observations in severa
i nstances (Table 4).

Several factors may have contributed to these differences. The MOCPCP
nodel has sone limtations in handling fish Iengths. The nodel assumes all fish
in an age class are the sanme length. This, in part, nmay explain the sharp
inflections in the curves at various points. Wiile this linitation may have
sone effect on (BD estimates at certain points, the overall shape of the curves
are probably reasonable. W also assuned nortality was constant for all age
groups in the popul ati ons. Assuning constant nortality for all age classes in
nodel s may be inappropriate (Vetter 1988). Since we were devel oping a general
nodel for various popul ations, we nade that assunption. W al so assumed that
fish would not live past age 6 in the populations. Few ol der individuals are
reported in data for catch-and-rel ease waters.

D fferences nay al so have been due to the accuracy of the enpirical data.

O the catch-and-rel ease segrment of Silver Oreek, observed (8D was 2 to 3 tines
greater than the predicted value (Table 4). However, electrofishing data in
this study was not properly corrected for size selection (Cooper and Lagl er
1956; McFadden 1961; Thurow 1990). The enpirical stock structure we derived from
their report data is probably an overestinate. The observed BD for the Henrys
Fork (0.26) was not corrected for selectivity, and probably overestinmated as
well. Variation in year-class strength could also bias stock structure
estimates, particularly when only one year of data is used.

El ectrofishing data on the Big Wod was corrected for size selection
(Thurow 1990), and our predicted values were still two to three times greater
than the enpirical estinate of 4% (Table 4). Estinmated natural nortality for
the Big Wod (0.59) was outside our assuned range of 0.3 to 0.5 (Figure 10).
Use of the original growth rate (length at age 4=364) and a hi gher natura
nortality rate of 0.60 results in a nodel prediction of about 5% nuch closer
to the observation (Figure 14). Estimated natural nortality for the Henrys Fork
special regulation area (X=0.60) (Angradi and Contour 1989) was al so above our
assumed range.
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VWaters such as the South Fork Boise Rver, Little Wood Rver, and the Big
Wod River have been identified as trophy in the Five-Year Plan (Horton et al.
1990). These waters, and other sinilar ones, nay not produce fast enough growth
to achieve the 20%target regardl ess of regul ation. For waters managed by catch-
and-rel ease, this may not present a problem other than confusing angler
expectations. On waters with less restrictive regulations, we may receive
pressure to inplement nore restriction in hopes of achieving the Five-Year Pl an
target, even though it is unattainable.

Both the observed and predicted size structures have linitations. Mre
enpirical data for conparisons nay be available from other states, including
Montana and Col orado. Both of these states have corrected their electrofishing
data for size selection. Efects of variable year-class strength could al so be
mni mzed since they have a nunber of waters with four to eight years of data.
VW will request size structure data and growth fromthese states. Estinates of
conditional natural nortality by species should al so be summarized for out -of -
state waters. It is possible that ranges used in future nmodeling (0.3 to 0.5)
could be refined for various species.

Requl ati on Conpari sons

Based on Idaho growh rates, the nodeling results suggest that severa
regul ations could be conbined for sinilar responses on nost waters. M ni num size
l[imts of 16, 18, and 20 inches all had simlar effects for both rel ati ve nunbers
of fish and egg production. To limt the nunber of conparisons, we did not node
the highest gromth rates observed in the state (length at age 4 = 430 to 450 mMm).
Since fish would reach 16 inches in less time, results for those waters nmay be
different. Few streans and rivers in |Idaho support these levels of growh
however .

Sot limts and maxinum size |limts produced little benefit over general
regul ations, both in terns of egg production and nunbers of fish. In practice,
slot limts have proven quite effective in producing large fish on a nunber of
Idaho waters (e.g. Henrys Fork, South Fork Boise). These conflicting results
imply that slot limts have been effective because of sociological reasons.
Angl ers do not keep nunerous |egal fish (high exploitation) below the slot size
on these waters. If they did, fishing quality would decline.

The reasons slot limts provide protection for social reasons are that a
significant proportion of harvest-oriented anglers nmay be displaced from these
fisheries because of bait or bag restrictions (Lewensky 1986). Few renaining
anglers elect to keep snall but legal fish. Oh the South Fork Boise and Henrys
Fork rivers, few anglers kept trout despite a |lower slot boundary of 305 nm
(Rohrer 1984; Reid 1983). Thus, the selection of the actual sizes for the slot
appears to be uninportant in nost cases. A single slot regulation (e.g. 12 to
16 inches) in conjunction with bag restriction may produce the same fisheries
as those used in the recent past (i.e. 8 to 16 inches, 10 to 16 inches, 12 to
16 inches, 12 to 20 inches). If anglers are concerned about the managenent of
trophy fish above 16 inches in size, the inplementation of catch-and-rel ease
regul ati ons nmay be nore appropriate.
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V¢ did not attenpt to nodel the effects of bag linmts on a statew de basis.
Angl er creel habits appear too variable for statewi de simulation efforts. Bag
limts are usually considered ineffective in reducing harvest, however, because
few angl ers catch nore than one trout (Thurow 1990; Nehring 1985).

The generalized sinulation approach provides sone insight for regul ation
sinplification. The results are useful for generalized concepts only, however,
and should not be used to address water-specific questions. Mre precise growh
estimates and ranges of natural nortality, along wth sociol ogi cal needs, should
be used in individual water predictions.

RECOMVENDATI ONS

1. Summarize data fromother intermountain states and convert existing data
to increase our perspective. Data to sunmari ze and convert i nclude:

— Angler effort (h/hectare) on wild trout waters
— Standi ng crops (kg/ hectare)

— Popul ation size structures (PSDs etc.)

— Natural nortality rates

2. Devel op a standardi zed sanpling manual for wild trout fishery and
popul ati on data. Enphasize reporting consistency. Mich of the existing
data was collected in an inconsistent manner.

Yi el d (kg/ hectare)

— A subsanple of weights is the only additional data needed. An estinator
of yield should be incorporated into the new departrental creel census
program Existing data can be used by applying |ength-weight
rel ati onshi ps.

Ef fort/ hectare

— Mich of our data is expressed only in total hours or h/km
St andi ng Crop (kg/ hectare)
3. Consi der redefining trophy trout (QSD >20% to reflect biological

potential. Few wild trout streans in |daho have the growh potential to
be considered trophy waters as defined in the Five-Year Managenent P an

(@D >20% .

4. Adopt one to two slot limts for statew de use. Suggested limts include
8 to 16 inches and 12 to 16 inches. S ot limts may not work in some |daho
waters. If anglers keep legal nunbers of small legal trout, large fish

nunbers woul d decli ne.

5. Wien length at age 4 ranges from 200 to 350 mm 16-, 18-, and 20-inch
mnimumsize lints will have simlar effects on nunbers of fish and egg
production. Choose a single statewide length limt for these instances.
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Appendix B. summary of back-calculated Tengths at age for fluvial wild trout populations in Idahoa.

Length at age
\%

Stream Region Species I II III 1y VI VII VIII source
Big Lost River 6 RBT 104 185 277 351 424 467 534 559 cCorsi and Elle 1989
East Fork Big
Lost River 6 RBT 142 185 208 258 349 Corsi and Elle 1989
North Fork Big
Lost River 6 RBT 92 142 188 218 248 corsi and E1le 1989
sawmi1l creek RET 79 138 Corsi and Elle 1989
Little Lost River RET 7 171 229 271 Ccorsi and Elle 1989
6 RBT 94 153 197 246
Birch Creek Corsi and ETle 1989
Medicine Lodge
Creek 6 RBT 108 189 227 283 325 Corsi and Elle 1989
. 6 RBT 107 160 199 217
Upper Warm River 223 Bostrum and Spateholts
1985
Lower warm River 6 RET 108 185 251 283 346 369 399 Bostrum and Spateholts
1985
Robinson Creek 6 RBT 96 145 203 240 299 322 317 Bostrum and Spateholts
1985
6 RBT 146 265 363 434 532
Henrys Fork 493 Angradi and Contour
Snake River 1989
Middle Fork
Boise River RBT 71 156 227 287 338 380 Rohrer 1989
. 1 RBT 157 250 323 372
Spokane River 396 Bennett and Underwood
1987
South Fork
Boise River RBT 105 193 286 357 414 Moore et al. 1979
4 RBT 100 176 279 358
Big Wood River 461 Thurow 1988
. 4 RBT 125 214 292 358
Portneuf River 404 Mende 1986
. 4 RBT 126 213 294 358 .
Silver Creek 389 Riehle et al. 1989
. . RBT 89 132 186 243
Twin Bridges Creek Corsi and Elle 1989
Moyie River 1 RET 98 160 228 297 Horner and Rieman 1985
5/6 RBT 105 173 305 388
Snake River / 533 Lukens 1988
Fall River 6 RBT 104 182 252 309 Bostrum 1986
Henrys Fork 6 RBT 13 191 25 317 349 Bostrum and Spateholts

warm River

TABLES
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Appendix B. Continued.

Length at age

Stream Region Species I II III IV V VI yI1  VIII Source
South Fork
Snake River 6 cT 86 184 277 343 410 450 480 Moore and Schill 1984
Teton River 6 cT 114 179 254 319 368 399 Bostrum in press
Middle Fork
salmon River 6 cT 5795 165 241 305 352 Mallet 1963
66 101 153 213 306
kelly Creek 2 cT 251 Johnson and Bjornn 1978
South Fork
Salmon River 3 cT 51 92 137 199 44 Thurow 1987
Coeur d'Alene River 1 CcT 74 15 175270 350 420 Rieman 1989
St. Joe River 1 cT 52 91 143 192 243 291 Rieman 1989
snake River 6 cr 140 234 301 378, 535 Lukens 1988
Medicine Lodge
Creek 6 cT 100 166 217 corsi and Elle 1989
Marble Creek CcT 50 133 178 235 254 Rieman 1989
South Fork
Snake River 6 BRN 97 233 372 453 550 589 Moore and Schill 1984
. 109 171 252 317 417
wWarm River 6 BRN 372 467 Bostrum and Spateholts
1985
: 105 155 214 258
Robinson Creek 6 BRN 285 287 Bostrum and Spateholts
1985
109 181 256 322
Henrys Fork 6 BRN 374 Bostrum and Spateholts
Snake River 1985
- 157 228 333 411
Silver Creek 4 BRN 472 514 632 Reihle et al. 1989
Snake River 5/6 BRN 129 236 333 427 504 585 Lukens 1988
Lower Big Lost
River 6 BRK 164 262 360 401 Corsi and Elle 1989
starhope Creek 6 pre o0 141 186 Corsi and E1le 1989
93 162 205
Lake Creek 6 BRK corsi and Elie 1989
west Fork Big
Lost River 6 BRK 92 142 181 228 367 corsi and Elle 1989
99 149 186
Summer Creek 6 BRK corsi and Elle 1989
North Fork
B1g Lost River 6 BRK 102 162 216 Ccorsi and E1le 1989
. . 84 141 209
Little Robinson 6 BRK Spateholts and Moore
Creek 1985
TABLES
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Appendix B. Continued.

Lenath at age

Stream Region Species I IT IIT IV vV VI VII VIII Source

Snow Creek 6 BRK 70 120 129 Spateholts and Moore
1985

Rock Creek 6 BRK 88 152 144 248 Spateholts and Moore
1985

Beaver Creek 6 BRK 83 158 Spateho1ts and Moore
1985

Por‘cup‘ine Creek 6 BRK 99 158 232 Spateho]ts and Moore

Fish Creek 6 BRK 80 136 169 Spateho]ts and Moore
1985

warm River 6 BRK 87 153 189 Spateholts and Moore
1985

Par‘tr“idge Creek 6 BRK 75 138 193 Spateho1ts and Moore
1985

Conant Cl"eek 6 BRK 107 177 246 Spateho1ts and Moore
1985

Squ'irre1 Creek 6 BRK 97 162 217 Spateho]ts and Moore
1985

Buffa10 River 6 BRK 113 160 256 Spateh01ts and Moore
1985

chick creek 6 BRK 79 135 Spateholts and Moore
1985

Little Lost River 6 BUL 99 155 240 314 Corsi and Elie 1989

south Fork

Salmon River 3 BUL 91 164 272 403 497 578 Thurow 1987

a RBT = rainbow trout
CT = cutthroat trout

BRN = brown trout
BRK = brook trout
BUL = bull trout

TABLES
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STREAM

.| 258

Robinson Creek -

i 317

Warm River

322

Henry's Fork River -

Silver Creek

Snake River

S. Fk. Snake River - | 453
I | | | { | |

200 250 300 3560 400 450 500
LENGTH-AT-AGE 4

Appendix C-1. Back-calculated length at age 4 (mm) for fluvial brown trout in six Idaho streams.
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STREAM

Wildhorse Creek

Starhope Creek

W. Fk. Big Lost River

Summit Creek

Rock Creek

Warm River

Lake Creek

Lower Big Lost River

I..“ l |
120 140 160 260
LENGTH-AT-AGE 2

Appendix C-2. Back-calculated length at age 2 (mm) for fluvial brook trout in eight Idaho streams.
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Appendix D-1. Summary of effort statistics for stream fisheries in Idaho.

Effort
Section and Section X stream Total h/

Stream Name and Year Regulation Tength width Census dates hours hectare h/kma source
Portneuf River Hwy 30-Kelly Bridge 25.6 km - May 25-Sep 12 10,592 - (351- Heimer et al.
1986 General 1986 x-414 1987

Portneuf River Hwy 30 Bridge to 25.6 km - May 25-Sep 15 -
y g y P 16,183 x-632 Heimer 1980
1979 Kelly Road 1979
General
south Fork Boise River Anderson Ranch to 15.9 km - May 29-Nov 30 13,68 - 853 Reid 1980
1982 Danskin Bridge 1982
Special Regs.
3<12, 1>20
South Fork Boise River Anderson Ranch Dam to 15.9 km - May 27-Nov 30 -
] ) 18,651 1,173 Moore et al.
1978 Daqsk1n Br1dge 1978 22,355 w/ 1,406 w/ 1979
3 fish >12 dinches winter season winter season
North Fork Payette River Banks to smiths Ferry 37.4 km B May 24-Oct 10 3,580 B % Reid 1980
1980 General 1980
South Fork Payette River Mouth to Alderck Bridge May 24-oct 10
3,574 - - Reid 1980
warm River Hwy 47 to Pineview 28 km - May 26-Sep 2
4 y P 7,980 - (106- Brostrum
1984 General 1984 5,200) Spateholts
285 1985
Big Wood River Hulen Bridge to N Fork 8.3 km May 23-Nov 13
g 9 15 m y (3,635- (290- (438- Thurow 1987
1986 & 1987 Catch and Release 5,881) 469) 708)
x=379 x-573
Big Wood River Sections 3,4,6,7,8,9,10 29.6 km May 23-Nov 15
18 m (20,552~ (383- (694- Thurow 1987
1986 & 1987 General 27,699) 516) 936)
x=24,126 x=449 x=815

TABLES
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Appendix D-1. Continued,

) Effort
Section and Section X stream Total h/
Stream Name and Year Regulation length width Census dates hours hectare h/kma Source
Little wood River Sections 1 & 3 8.4 km 17.5 m Jun 15-Nov 15 3,984 300 474 Thurow 1987
1986 General
Little wood River Section 2 - Beartracks 4.4 km 13 m Jun 14-Nov 15 938 166 213 Thurow 1987
1986 Catch and Release
Middle Fork Boise River Sections 1 & 3 31.2 km 27 m May 28-Oct 28 8,749 (11- (211- Rohrer 1989
1988 General 1988 102) 347)
x=97 x=279
South Fork Boise River Featherville to Big Smoky36 km - May 28-Oct 14 8,200 - 228 Partridge et
1988 General 1988 al. 1990
Moyie River Eastport to Moyie Springs Jun 27-Aug 30 754 .362 h Goodniaht
1975 & 1978 General 1975 1979
Jun 24-Aug 8 78-1,232 -
1978
Teton River Mouth to Trail Creek 175 km _ May 24-Sep 25 79,511 h 456 Jeppson 1981
1980 General
Couer d'Alene River Special Regs. Section - - B B ) 164 Lewynsky &
1982 General Regs. Section - - - - - 501 Bjornn 1983
Henrys Lake Between Ashton Reservoir B - May 25-Nov 8 10,473 B Bostrum 1987
1985 & warm River
General
Boise River Barber Dam to Glenwood 18.7 km _ Mar 1,1986- 50,984 - 2.726 Reid and
1986 General Feb 2, 1987 Mabbott 1987
McCoy Creek Mouth to Spring Creek 24 km 6.5 m Mav 28-Aua 30 17.200 981 637 Elle et al.
1987 General 1990 in press
Medicine Lodge Section N/A 34 km 6.5 m May 23-Sep 11 3,743 169 110 corsi & Elle

1987

TABLES

General

1989
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Appendix D-1. Continued,

Effort
Section and Section X stream Total h/
Stream Name and Year Regulation length width Census dates hours hectare h/kme Source
Birch Creek Reno Ditch to above 29.1 km - - 23,426 - 805 Corsi et al.
1982 Kaufman Guard Station 1983
General
south Fork snake River Heise to Palisades Dam 64.4 km - Apr 3-Sep 17 64,355 - 998 Moore and
1979 General Schill 1984
Snake River American Falls to 60.7 km - Jun 2-Nov 2 34,086 51 561 Lukens 1988
1987 Idaho Falls
General
Silver Creek Nature cConservency - 30 m May 23-Nov 29 - 350 - Reihle et al.
1987 Catch and Release 1989
South Fork Boise River Anderson Dam to Danskin 15.9 km - May 27-Nov 30 18,647 - 1,173 Moore et al.
1978 Bridge 1979
Special
Henrys Fork Pinehaven to Hatch Ford 7 km - May 23-Sep 7 11,712 - 1,039 Angradi and

1987

General

Contour 1989

aparenthesis ( ) indicate range if more than one stream segment available.

TABLES
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Appendix D-2. Summary of harvest statistics for stream fisheries in Idaho.

Harvest Catch Rate
Section and Total Harvest Harvest
Stream Name and Year Regulation fish /km /hectare x length x weight N % >300 % >400 % >500 o H
Portneuf River Hwy 30-Kelly Bridge 1,274 (42-56) - CTb=278 - 363 44 5 0 N/A CT=.08
1986 General 50 RB=288 - 203 36 " 0 RB=.04
Total=281 566 36 7 0 Total=0.12
Portneuf River Hwy 30-Kelly Bridge 3,757 147 - - - - - - - N/A CT=.06
1979 General RB=.17
Total=.23
South Fork Boise River Dam to Danskin 688 42 - - - - - - - RB=1.40 RB=.05
1982 3<12& 1 >20 BT=.004 Total=.05
Total=1.4
South fFork Boise River Dam to Danskin Bridge RB=1,677 107 - 381 - - - - - RB=1.64 Total=.09
1980 3 > 12 inches BT=22 BT=.0002
Total=1,699 Total=1.64
North Fork Payette River Banks to Smith Ferry RB=778 21 - - - - - - - N/A RB=, 22
1980 General Total=.22
South Fork Payette River Mouth to Alden Creek RB=1, 328 - - - - - - - - N/A RB=.37
1988 Creek Bridge BK=11 BK=.00
General Total=1,339 Total=.37
Warm River Hwy 47-Pineview 2,096 - - RB=242 - - - - - N/A Total=.27
1984 General BN=347
Big Wood River Hulen Bridge to 0 0 0 0 - - - - - 1.95 -
1987 North Fork
Catch-and-Release
Big Wood River A1l remaining river RB=6,957 104/km - BK=- - - - - - 1.18 0.42
1987 sections BK=193 RB=299 includes
General Total=7,150 Total1=299 hatchery
fish
Middle Fork Boise River Willow Creek to RB=1,231 RB=38.4 RB=15 RB=251 177 - - - - 0.70 RB=0.1
1988 Alexander Creek BT=240 BT=7.7 BT=3 B8T=300 includes BT=0.0
General Total=1,471 Total=47.2 Total=18 x=256 hatchery Total=0.1

TABLES
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Appendix D-2. Continued.

Harvest Catch Rate
Section and Total Harvest Harvest
Stream Name and Year Regulation fish /km /hectare x length x weight N % >300 % >400 Z >500 C H
South Fork Boise River Featherville to RB=807 27 - RB=328 - - - - - 0.95 RB=0.1021
1988 Big Smokey Creek BT=109 BT=318 includes BT=0.01
General KO=66 K0=284 wild fish  K0=0,01
Tota1=982 Total1=300 and Total=0.12
hatchery
fish
Teton River Entire stream 30,919 177 - RB=273 - - - - - - BK=.08
1980 (175 km) CT=323 RB=.13
General - BK=229 CT=.15
Total=289 HRB=.04
Total=0.39
Henrys Fork Ashton Reservoir 2,099 - - - - - - - - - RB=.17
1985 to Warm River BN=0.02
General Other=.01
Total=0.20
Boise River Glenwood Bridge to 2,706 144 - - - - - - - - RB=0.05
1986 Barber Dam BN=0.01
General Tota1=0.05

ad

bStream and date corespond to source in E-1.

CT=cutthroat trout
RB=rainbow trout
BN=brown trout
BK=brook trout
BT=bull trout
KO=kokanee

TABLES



JOB PERFORMANCE REPCRT

Nane: R ver and Stream
State of: |daho | nvesti gati ons

Project No:F-73-R 13 Title: Bull Trout Aging and
Enuner ati on Conpari sons
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ABSTRACT

V¢ conducted a pilot study conparing bull trout ages derived from scal es
and otoliths. Five research biologists aged both structures from 12 i ndi vi dual
fish for a total of 120 age estimates. Ctoliths consistently vyielded ol der ages
for individual fish than scales. Qolith estinates proved to be nore precise,
even though study participants were nore famliar with the scal e reading process.
V¢ recommend that an expanded study be conducted. Wntil then, ages derived from
scal e anal ysis shoul d be used with caution.

Ve conpared three nethods for estimating bull trout densities and size
structure. W worked in a single stream Methods were day snorkeling, night
snorkeling, and electrofishing. W observed no statistical differences in
densities anong the three sanpling techniques. These results conflict with past
research in Mintana and Qegon. Precision of snorkeling estinates was sinilar
to el ectrofishing. Snorkeling provided size structures conparable to el ectro-
fishing. Tenperature fluctuations between 7.5°C and 13°C had no consi stent
effect on observed bull trout densities. Bull trout juveniles were not observed
in the water colum at 2°C. W did observe several individuals at this
t enper at ure by novi ng cobbl e and rubbl e.

Aut hor :

Dan Schil |
Seni or Fishery Research Biol ogi st
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I NTRODUCTI ON

The bull trout Salvelinus confluentesis the |east studied native sal nonid
in Idaho. The ability of this species to grow to large sizes in unproductive
s¥st ens provides a unique fisheries opportunity. Concern regarding the status
of the species has pronpted interest in bull trout Ilife history and habitat
requiremnents.

There have been a few bull trout aging studies in ldaho (Pratt 1985; |rving
1986; Thurow 1987; Corsi and Hie 1989). Al used scale analysis. Recent work
has questioned the accuracy of aging studies (Beam sh and MFarl ane 1983).
Scale analysis is unreliable in aging |ake trout Salvelinus nanycush and arctic
char Salvelinus al pinus (Sharp and Bernard 1988; Beam sh 1973; Power 1978). Low
estinmates of age fromscales result fromloss of annuli due to abrasion (A vord
1954) or fromlow nmineral deposition in slowgrow ng fish (Johnson 1976). Bull
trout prefer colder water than other salnonids, and growth is typically slow
(Fraley et al. 1981, Goetz 1989). Prelimnary results of scale/otolith
conpari sons from Fl at head Lake show | ess than 50% agreerent (L. Hanzel, Mntana
Department of Fi sh, WIdlife, and Parks, personal communication). Mnagenent
strategies often depend on estinates of age structure (Barber and MFarl ane
1987), but reliable aging data may not yet be available for bull trout.

Fluvial bull trout habitat is often typified by cold water and |ow
conductivity. Fish are found in association with bottom cover and woody debris
(Goetz 1989; Pratt 1984; Shepard et al. 1982). These characteristics can create
sanpl ing problens for common enuneration techniques |ike electrofishing and
snor kel 1 ng counts.

Size of electrofishing fields is directly related to conductivity.
Substrate also affects the electrofishing field (J. Reynolds, University of
Al aska, personal comrunication). Surprising nunbers of bull trout have been
located within the substrate by snorkeling after successive renoval passes wth
el ectrofishing gear (Fraley et al. 1982). Nonetheless, in the Flathead R ver
system electrofishing estimates typically exceeded those of snorkeling.

Goetz (1990) recently reported that night snorkeling estimates for age 1
and 2 bull trout (0.08/ nf) exceeded estinates from el ectrofishing (0.05/nf) and
day snorkeling (0.02/m ©). Goetz suggested that night snorkeling was superior to
day snorkeling, and further stated that day snorkeling may require intense
sanpling just to document juvenile presence. Goetz al so suggested that, at
night, juvenile bull trout are often clunped together in groups and are further
from cover.

Many |daho bull trout populations are |ocated in wlderness areas or waters
where el ectrofishing is ineffective. Snorkeling will likely be the only mnethod
available to estimate bull trout abundance in these areas. Mre active inventory
and managenent of the species is likely to occur in the near future. D fferences
in the various techniques need to be quantified and to devel op appropriate
correction factors.
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OBJECTI VES

1. To conpare estimates of bull trout age derived from otoliths and
scal es.
2. To conpare the precision of aging estimates derived from scal es and
otoliths.
3. To conpare three techniques of density estimation for bull trout.
4. Conpare day and night habitat use of fluvial bull trout.
STUDY SITE

V¢ selected Profile Oeek, a tributary to the East Fork of the South Fork
Sal mon River, for population estimte conparisons. Past work indicated
relatively high densities of bull trout (Thurow 1987). Habitat within the sites
i ncl ude boul ders, large cobble, and some woody debris. Water tenperatures were
low, ranging from7.8 to 13.3°C during the August sanpling period. Stream flow
during late fall was 0.4 n¥/s.

A total of six stations were used in our conparisons. Mean w dths of al
stations was 5.2 m Physical paraneters of the study segments are presented in
Table 1.

METHCDS

Agi ng Conpari sons

W conpared bull trout age estimates from otoliths and scales. W& were
limted by the nunber of otolith sanples available, so our study is prelimnary.
Twel ve paired sanples (scales and otoliths) were collected during 1989 and 1990.
The sanples were fromthree fisheries, including Lake Pend Oeille, Dworshak
Reservoir, and the South Fork of the Sal non River

Scal es were pressed on acetate slides and read on a mcrofiche projector
CGoliths were read using a dissecting mcroscope and either surface light or
reflected light. Total age was estimated by each observer.

Five biologists were involved in the study. Following an initial
di scussion of aging criteria for both techniques, each individual read both
structures fromthe 12 fish. Structures were not paired, so readers could not
associate the scale and otolith for any individual. Participants had no
know edge of fish |engths.

VW conpared the nmean age for individual fish derived by each structure.
VW conpared precision of each technique with standard errors for individua
fish.
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Table 1. Physical dinmensions of bull trout sanpling stations on Profile
Qeek, tributary to East Fork South Fork Sal non R ver, August 1990.

Station Length (m X width (m No. habitat units?
1 157 4.7 16
2 152 5.6 17
3 88 4.7
4 124 5.3
5 174 5.0 21
6 143 5.2 16
Tot al 843 5.0 70

As defined by Bisson et al. (1982).
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Enuner ati on Conpari sons

Al enuneration work was a joint effort with United States Forest Service
(USFS) Internmountain Research Station personnel. W began work at each of six
stations by placing block nets at the upstream and downstream boundari es.
Habitat within four stations was classified as pools, runs, riffles, or
pocketwater as in Bisson et al. (1982). Borders between each habitat type were
flagged with surveyors tape.

For all snorkel counts, a single diver noved upstream agai nst the current
and counted age 1+ bull trout present within each habitat unit. W nade no
attenpt to enunerate fry because of previously docurmented problens counting fry
with snorkeling techniques (Giffith 1978). Fish were counted only after the
di ver noved upstream past them Bull trout size was classified by 100 mm | ength
gr oups.

Wthin Stations One, Two, Five, and Six, we conducted three replicate
snorkel counts approximately one hour apart. Replicates within individual sites
were all conducted by the sane observer

Snorkel i ng techni ques were the sane for both the day and night counts.
W conducted day counts between 1000 and 1600 hours to ensure adequate |ighting.
N ght counts were conducted between 2300 and 0500 hours with the aid of an
underwater |ight.

At Stations ne and Two, block nets were held in place for electrofishing
on the follow ng day. For the upper four stations, block nets were renoved after
snorkeling and reinstalled during the follow ng week. El ectrofishing of the
upper four stations occurred approxi mately one week after snorkeling took place.

We conducted depletion type popul ation estimates at each site using
backpack el ectrofishing gear. Two units were needed to adequately cover the
stream A mininum of two passes were nmade at each site. W used a two-pass
estinmate (LeCen 1967) on Stations Two and Three where catches declined by 75%
or nore between successive catches. W needed three passes on Station One and
four passes on Stations Five and Six to obtain estimates.

El ectrofishing estimates and confidence limts were calculated by the
M croFi sh software program (Van Deventer and Platts 1989). W cal cul at ed
confidence limts around nean replicate snorkel counts for four stations using
the formula 2 X SDin. Coefficients of variation were calculated from the
replicate snorkel counts and the electrofishing data to conpare relative
precision of the techniques. W conpared estimates of density obtained with
the three net hods usi ng ANOVA procedures with sanple site as a bl ocking vari abl e

W recorded total lengths fromall bull trout sanpled during electro-
fishing. W generated a |l ength frequency for all fish collected fromthe stream

W al so grouped electrofishing captures in the sane length categories |isted
above for snorkeling estimates to conpare between the techniques.
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Following the electrofishing, we estimated areas of individual habitat
units within Stations he, Two, Five, and Six. Only mean widths and total |ength
were recorded for Stations Four and Five. Tenperature was recorded during all
sanmpling periods using a continuous recording thernograph. Conductivity
corrected to 25°C was neasured using a portable probe.

RESULTS

Agi ng Conpari sons

Mean ages were consistently greater fromotoliths than scales. The mean
estimate from scal es exceeded that of otoliths only once (Figure 1). DO fferences
in nean age were often greater than one year and, in one instance, approached
3 years.

ly one of five participants had experience reading otoliths. Estimates

of age derived with scal es proved, however, to be less precise for nost fish
(Figure 2).

Enuner ati on Conpari sons

V¢ found no consistent differences in bull trout densities between day and
nightti me snorkel counts. N ght counts exceeded day counts in Stations Cnhe and
Six, while the opposite was true in Stations Two and Five (Figure 3). The
differences were not diver-related, as Stations One and Six were counted by
different divers. Results did not appear related to habitat, which was sinlar
in Stations One and Two and Five and Si x.

Densities were variable anong sites, regardless of the technique used.
H ectrofishing techniques yielded slightly higher density estinates for age 1+
fish at all stations than either snorkeling nethod (Figure 4). W found
significant differences in densities between the three techniques when using only
the initial replicate snorkel count (p(0.01) or when using nmeans of avail able
replicate counts (p<0.02). Linear contrasts showed significant differences were
between el ectrofishing either of the snorkeling techniques (p<0.01 and p(0.01).
No di fferences were observed between the two snorkeling techni ques (p>0.66).

Precision of estimates was good in nost stations regardl ess of technique
used. Coefficients of variation were less than 8% in 9 of 12 estimates (Table
2). Electrofishing in Station One resulted in the |east precise estimte
(coefficient of variation = 27%. In all cases, confidence lints for
el ectrofishing were truncated because the actual nunber of fish collected
exceeded the cal cul ated | ower bound.

The three techniques yielded simlar estimates of size structure for the
Profile Creek population (Figure 5). Size structure differences between
electrofishing and snorkeling counts were greater for individual stations than
with the pool ed dat a.
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Figure 1. Mean estimates (5 replicates) of age for 12 bull trout derived
by biologists reading the same two structures. The line would
represent perfect agreement.
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Figure 3. Numbers of age 1+ bull trout observed in four stations on Profile Creek during day and
night snorkeling, August 1990.
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Table 2. Coefficients of variation for day snorkel, night snorkel, and
el ectrofishing population estinmates in four Profile Oreek stations,
tributary to East Fork South Fork Sal non River, August 1990.

Sanpl i ng St ati ons

t echni ques 1 2 5 6

Day snor kel 0. 04 0.14 0. 08 0.02

Ni ght snorkel 0.13 0. 07 0. 05 0. 05

El ectrofi shing 0. 27 0. 04 0. 05 0. 06
VTABS
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Figure 5. Length frequency of age 1+ bull trout in Profile Creek estimated by day snorkeling, night

snorkeling, and electrofishing, August 1990.

and Six.

Data are pooled from Stations One, Two, Five,



V¢ captured bull trout ranging from46 mmto 630 nmin all stations during
el ectrofishing ( endi x A). Young-of-the-year bull trout ranged in length from
46 nmto 48 mm e length frequency suggests four age classes bel ow 210 mm
results sinlar to scale anal ysis conducted by Thurow (1987). Thurow recomrended
the use of otoliths for fish over four years of age because of difficulties
readi ng scal es.

Based on a summary for the four stations where habitat was classified, bul
trout densities were greatest in pools followed by runs and pocket water.
Rffles were the least utilized habitats. This is the sane relationship reported
by Fraley et al. (1982).

V¢ observed no najor shifts in habitat use between day and night (Figure
6). Mean daytinme densities were slightly higher than night estimates for al
habitat types, with the exception of riffles.

DISCUSSION

Agi ng Conpari sons

In lake trout, scales are recomrended for aging only imrature fish (Sharp
and Bernard 1988). The authors noted consistently |ow scal e-derived ages when
conPared to otoliths in larger size classes. The sane authors also reported
declines in precision with increasing age for both techniques. In this stud
ages for fish less than 400 mm were also |l ower for scales than otoliths.
suspect that differences in estinated age between the two techniques will be nore
pronounced for larger fish.

Slow-growing long-lived fish can pose problens in accurate estinates of
age (Beam sh and McFarlane 1983). Scales are inappropriate for aging severa
speci es of char (Beam sh 1973, Sharp and Bernard 1988). Bull trout, |ike other
char, prefer cold water (Brown 1985; Goetz 1989). Therefore, the invalidated
use of scales as aging structures for bull trout nay be a problem Aging errors
can have najor effects on growth and nortality estinates (Power 1978) and coul d
ultimately result in incorrect harvest nmanagenent deci sions.

Concl usions fromthe aging work in this study are obviously limted by the
nunber of fish available for conparison. Additional work should be conducted
to assess the nost reliable structure for aging bull trout. Because of concern
for the species, fin ray aging should also be evaluated as a non-lethal sanpling
t echni que.

Conparisons of structures will not describe the accuracy of any structures
wi t hout known age fish. Hatchery bull trout are currently bei ng batch- narked
and released into Lake Pend Grielle in northern Idaho. This represents a rare
chance to actually validate age estimates for bull trout. Validation of
structures should be done with these fish in the future. OIC injection should
be considered if age validation work would conflict with other objectives of the
mar ki ng program
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Enuner ati on Conpari sons

V¢ observed mninmal differences between day and night snorkel counts for
bull trout in five of six stations. The reason for significant decline in
observed fish at night in Station Six is unknown.

Based on our efforts, night snorkeling had no advantage over day
snorkeling. Qur results were in direct conflict to those of Goetz (1990).
Coetz reported that night snorkeling estimates on Metolious Rver tributaries
were 2.5 times greater than day counts. Qur exam nation of the Metolious data
suggest that this figure should be used with caution. The 2.5 val ue was based
on neans froma |arge nunber of daytime counts (210 habitat units) and only 42
nighttine units and not frompaired sites. Goetz did report higher upper ranges
of nighttine counts for individual streans. Stenzel (1987 as cited by Coetz
1990) al so observed increased densities of arctic char Salvelinus al pi nus while
ni ght di ving.

Assunming the Metolious River conparisons are valid, reasons for the
di screpancy between the two studies are unclear. One potential difference
between the Profile OGeek and Metolious R ver work nmay be the presence of a full
nmoon during our sanpling efforts. Monlight was bright enough that we coul d
clearly observe bull trout in the streamw thout the aid of artificial light.
The presence of a full moon or large amounts of artificial |ight reduced night
(l:glérg)s of rainbow trout on the Henrys Fork during md-w nter (Angradi and Contour

Results of recent studies (Angradi and Contour 1989; Reihle and Giffith
in review suggest tenperature can affect resident trout estimates obtained by
snorkeling. At low tenperatures, salnonids are often in close association with
streanbank cover or are in the substrate, mnaking observation by snorkeling
difficult. Tenperature has al so been shown to have an effect on underwater
counts of juvenile chinook and steelhead (HIlman et al., in press, North
American Journal of Fisheries Mnagenent). On Profile Creek, diurnal
tenperatures fluctuated from8.0 to 13°C These tenperatures are well wthin the
range that produced behavioral changes and resultant density declines in the
ot her studies. Shepard et al. (1982) reported substrate hiding behavior of bull
trout at tenperatures of 8°C.

W observed no consistent effects of tenperature on densities in our
stations during the August sampling (Figure 7).

Tengerature may play a role in bull trout use of the water colum. On
Qctober 25, we re-snorkeled Stations Three and Five at water tenperatures of 2°C
V¢ observed no fish in the water colum, but located bull trout under rubble in
deep pools. Because of their preference for cold water, the threshold
tenperature eliciting behavioral responses nmay be lower for bull trout than for
ot her speci es.

Qher factors, such as habitat conplexity, nay also explain the differences
between the Metolious and Profile studies. |Instreamwoody debris is abundant
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within the Metolious Rver sanple sites (D Ratliff, Portland CGeneral Hectric
Conpany, personal communi cation) but sparse on Profile Creek. Daytine counts
on the Metolious Rver nmay be less effective if bull trout are selecting for this
type of cover during the day. Additional sanpling should be conducted over a
range of habitats to further define the day vs night snorkeling relationship.
Aven the najor logistic limtations of night snorkeling, differences between
the two techniques would have to be sinlar to that of Goetz (1990) to justify
a change fromour current daytine nethods.

Ohe limtation of our electrofishing and snorkeling conparisons was that
bl ock nets had to be renmoved and reinstalled in four of six stations. V¢ assuned
no significant novenent occurred during the week the net was out. W& have no
data on fish nmovenments in Profile Greek that may have affected our results.

V¢ found a snall but significant difference between el ectrofishing density
estinates and snorkel estimates (day and night). The observed difference was
not large enough to be i nportant from a managenent perspective. However, Shepard
et al. (1982) reported nearly three times greater estimates of bull trout wth
el ectrofishing techniques. Goetz (1990) reported that day snorkeling
under esti mated nunbers of age 1+ bull trout by nmore than 50% when conpared to
el ectrofishing. The association of bull trout with substrate naterials (Pratt
1984; (oetz 1990) presumably accounts for these results. CGoetz (1990) also
reported nearly 40% hi gher night snorkeling counts than estinates derived from
el ectrofi shing.

Habitat type may play a role in conparability of the two techniques
(Shepard et al. 1982). Bull trout snorkel counts and el ectrofishing estinates
were simlar for riffles and pocket water but varied widely for pools and runs.
Conductivity also appears to be a major factor determning the conparability of
electrofishing estimates to snorkel counts for other species. A |ow
conductivities (40 pnhos), electrofishing appeared to be negatively biased
(Petrosky and Hul obetz 1986). On higher conductivity waters (280 umhos),
snorkeling tended to underestimate nunbers of fish. Conductivities on Profile
Creek during our work were in the nid-range of these values at 102 pnhos. At
these conductivities, the techniques should be conparable. Additional work
shoul d be done to quantify this relationship for bull trout waters on both ends
of the conductance spectrum

The three techniques yielded simlar estinmates of size structure for all
stati ons conbi ned, but differences for individual stations were nuch greater.
Reasons for the differences within sites are difficult to address. In sone
cases, certain fish nay not be "vulnerable" to either type of sanpling gear,
dependi ng on habitat type, fish size, etc. Discrepancies may al so be due to
i nproper size classification while snorkeling. The latter case appeared to
occur in Station Two where fish size was obviously overestinated by the diver.
This station was snorkeled before the diver had measured fish during
el ectrofishing. Snorkelers attenpting to enunerate fish within various |ength
cl asses shoul d have sone previous know edge concerning sizes of fish residing
in the stream This practice has been suggested by others (Giffith 1981) but
is often not adopted.
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CONCLUSI ONS

Qur work shows that scal e-derived estinates of age for bull trout can be
negativel y biased when conpared to otoliths. Smlar results have been reported
for other species of char. Until aging nethods are validated, managers shoul d
use existing bull trout age estimates with caution, especially when devel opi ng
regulation alternatives. |f scale ages are used in regulation selection
managers shoul d consider that growth has been overesti nat ed.

Qur results showed no differences between day and night snorkeling counts
for bull trout. The only other study addressing this topic suggests that daytime
snorkeling will seriously underestinmate densities. Until we understand the
factors influencing the accuracy of estinates, managers should be cautious. Bul
trout inventories should subsanple a snall nunber of stations at night to
determ ne whether a serious bias exists in daytine estinates.

Study results also confirned past findings that day snorkeling under -
estimates bull trout nunbers when conpared to el ectrofishing. A though our
differences were small, past studies suggest this difference can approach 300%
If an absolute estimate of bull trout density is considered critical, electro-
fishing should be conducted whenever feasible. If snorkeling is the only
avail abl e option, biologists should again acknow edge the likely possibility of
sanpl i ng bi as.

RECOMVENDATI ONS

1. Conduct an age validation study on Lake Pend (rielle using Sandpoint
Hat chery bull trout.

2. Consi der existing growh estinates for bull trout as optimstic when
devel oping regul ation alternatives until scales have been validated as
reliable aging structures.

3. Conduct addi tional conparisons of day vs night snorkeling in waters with
a range of habitat variables and during at |east one different period of
the lunar cycle.

4. Snorkeling inventories for bull trout should confirmtheir results by
el ectrofi shing a subsanpl e of stations whenever possible.

5. Wien snorkel techniques are used, replicate counts should be conducted
in a small sub-sanple of sanple sites to provide sone estinate of counting
error.
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JOB PERFORVMANCE REPORT

Nane: River and Stream
State of: Idaho I nvestigations

Project No: F-73-R-13

Subproject No.: 11 Title: Hagernan Bait- Hooki ng Study

Study No.: |V
Job No.: 3

Period covered: March 1, 1990 to March 31, 1991

ABSTRACT

A study was conducted at the Hagerman State Fish Hatchery to evaluate a
nmet hod of mnimzing bait-hooking nortality. Mrtality after two nonths ranged
from74%to 77%for deep-hooked fish with hooks renoved. Qutting the line on
deep-hooked fish resulted in one-third less nortality that ranged from 47%to
49%in the two trials. Seventy-four percent of the cut-line survivors shed the
hook during the study. In both trials, there was a trend for higher condition
in light-hooked and control groups, but the differences were small. Results of
ANOVA indicated no significant differences in treatnment condition factors
(p=0.05) for either of the two trials. Available data indicate that cutting the
line on deep-hooked fish can substantially reduce bait-hooking nortality. The
average reduction in nortality for sal nonids observed in other studies was 53%
for deep-hooked fish. Reductions in hooking nortality could nmake this gear nore
acceptable for regul ations requiring rel ease of sone fish.

Aut hor :

Dan Schil |
Seni or Fi shery Research Bi ol ogi st
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| NTRCDUCTI ON

Since the efforts of Wsternan (1932), over 50 studies have been conducted
to assess nortality associated with the act of catching and rel easing sport fish.
Bai t-hooking |osses are generally considered to be 25% to 30% for sal monids
(Wdoski 1976; Monguillo 1984).

Relatively few investigators have exanined ways to nininize bait-hooking
nortality. Two studies have reported reductions in nortality wth increased
hook size (Shetter and Alison 1955; Hulbert and EngstromHeg 1980). In the
latter study, authors also reported an inverse relationship between hook size
and catchability of test fish.

Several authors have investigated the nerits of cutting the |eader on
deepl y-hooked fish allowing the hook to remain. Mason and Hunt (1967) first
evaluated this approach with hatchery rainbow trout (TL=145 mm) that had
swal lowed a baited hook. Four nonths after release, nortality for fish wth
hooks removed in the traditional nanner was 95% Mortality for those fish in
which the line had been cut allow ng the hook to remain was 34%

Two subsequent studies followed the sane general approach (Vérner 1979;
Hiul bert and EngstromHeg 1980). Results from both suggest substantial
i nproverrents in survival can be derived by cutting the |leader. Mre recent work
(Burdick and VWdoski 1987; Widlein 1987) has been done with |argenmouth bass
Mcropterus salnoides and bluegill Leponis machrocheilus. Results show even
greater benefits for these speci es.

Despite consistent evidence of benefits fromcutting the line, nmany fishery
managers appear uninfornmed or skeptical about the technique. Skeptism nmay be
warranted because of linmtations in past study designs. For exanple, in the two
nost detailed cut-the-l1ine studies (Mason and Hunt 1967; Hul bert and Engstrom
Heg 1980), test fish were anesthetized prior to hooks being removed. This is a
maj or departure from handling techniques in a typical fishery. Qhers have
reported short holding periods for test fish (Burdick and Wdoski 1987; Vérner
1979) and nmay not have docunented full nortality.

V¢ undertook a cut-the-line study that better simulated typical release
procedures by including the angling public. VW anticipated that public
i nvol verrent woul d nmake any study results nore credible and aid in future angler
education efforts.

CBJECTI VES

1. To conpare nortality rates and condition factors for deeply-hooked
rai nbow trout rel eased with conventional and cut-the-1ine techniques.

2. To conpare nortality of |ight- and deep-hooked fi sh.
3. Assess the effects of hook | ocation on survival for cut-line fish.
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STWDY SI TE

The study was conducted at the Hagernan State Fish Hatchery in southcentral
Idaho from June 22 to August 23, 1990. The water source in the hatchery was from
nearby Riley Oeek, a snall spring-fed stream Tenperatures during angling
portion of the study ranged from15°C to 19°C naking it one of the warnest water
hooki ng studi es conducted with sal nonids. D nmensions of all raceways used were
35 mlong, 4.5 mw de, and 0.75 m deep.

METHCDS

The design was simlar to that reported by Mson and Hunt (1967). We
conducted separate trials using two groups of fish. The groups were standard
production fish and a second group graded for slightly larger size and body
condition. Both groups (3,000 production fish - Man TL=228 mm SD=18.9, and
3,500 graded fish-Mean TL=245 nm SD=18.2) were renoved from a single nearby
raceway and placed in adjoining raceways one week prior to fishing. Lengths were
significantly different between these two test groups (t-test, p <. 001).

Handl i ng

On June 22, 1990, project personnel began by fishing on the production
group (hereafter designated 'biologist” trial). The "angler” trial was begun
the following day using the graded group of fish. Volunteers for the angler
trial were a cross section of anglers 6 to 55 years in age. Al fishing was done
with a size 8 hook baited and a worm W used commercially available worm
threaders to increase the incidence of deep-hooking. Fish were permtted to
"take" the bait and swimaround for some time prior to setting the hook.

Playing time was left to the discretion of the individual fisherman.
Anglers hoisted the fish over the lip of the raceway and into a nmetal tub full
of water where the fish was examned by a biologist. Those fish hooked in the
gills, esophagus, or stomach were designated as deep-hooked. The renai nder were
classified as |ight-hooked.

Fish were fin-clipped depending on the |ocation of the hook (treatnent)
and trial group. Common treatment groups in both trials received the same clip.
Fish in the biologist trial also received a caudal fin punch. The treatnents,
sanpl e size, and associated fin clips are presented in Tabl e 1.

Uoon conpl etion of the nmarking process, anglers were instructed to rel ease
the fish back into the netal tub. Half of the deep-hooked fish had the hook
renmoved, while the other half were released by cutting the |leader at the tip of
the fishes snout. Each angler alternated between renoving the hook and cutting
the leader. W provided each angler with forceps, pliers, or hook disgorgers
to use as they desired. Hooks were renoved fromall |ight-hooked fish. Rel eased
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Tabl e 1.

Summary of treatnments, sanple size, and fin clips used in the

Hager man bai t - hooki ng study, June 22 to August 23, 1990.

Bi ol oqi st Tri al Anal er Tri al
Li ght - Deep Deep Li ght - Deep Deep
hooked cut -line renoved hooked <cut-1line renoved Contr ol
Sanpl e 75 80 55 152 156 107 150
si ze
Fin adi pose-C*  |eft right Adi pose left ri ght opercle
clip pelvic-C pelvic-C pel vic pel vic punch

% denot es caudal fin punch.
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fish were immedi ately transferred to a five gallon bucket for transport to a

single holding raceway. Transport tine to the raceway ranged from 10 to 30
seconds.

Data Coll ecti on and Anal ysi s

Mortality

Mortality by treatnent was recorded daily for two nonths. VW used a Chi -
square analysis to test the null hypothesis that nortality was independent of
treatment in both trials. Yates correction for continuity was used when
appropriate (Zar 1974). For those anal yses producing significant differences
anmong all treatrments, we subdivided the Chi-square anal yses to further exam ne
nortality rates (Zar 1974). W used a Chi-square analysis for heterogeneity to
determne if the results fromthe angler- and biol ogi st caught test groups coul d
be pool ed (Zar 1974).

Condition Factors

Al study survivors were weighed and neasured to the nearest gram and mm
Condition was calculated using the formula K = WL® x 10 (Lagler 1956). W
conpared mean condition for study survivors from the various treatnent groups

usi ng one-way ANOVA. W assuned that fish fromthe individual treatnments had
the sanme initial condition factors.

Aut opsi es

W conducted autopsies on a subsanple of cut-line nortalities. W also
autopsied all cut-line survivors. For those cut-line survivors with a hook still
present, hook | ocation and any observabl e damage was not ed.

VW sunmari zed hook |ocations for cut-line nortalities and survivors. Fish
hooked in the liver, pericardial sac/heart, or gills were categorized as organ-
hooked. Those in the esophagus, stomach, or intestine were grouped separately.
e fes;ed for association of hook location with survival using Chi-square
anal ysi s.

W found few hooks in. initial autopsies of cut-line fish. To facilitate
the work, we used a coded wire tag detector to detect the presence or absence
of hooks. W conducted autopsies on 30 fish after interrogating themwth the
det ector. Hook presence or absence was correctly predicted in all cases.
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RESULTS

Mortality Rates

There were najor differences in nortality rates anmong treatnents in both
the angler and biologist trials (Figure 1). Mrtality after two nonths ranged
from0.74 to 0.77 for deep-hooked fish with hooks removed. Qutting the line on
deep-hooked fish resulted in approximately one-third less nortality. The
observed nortality in the two trials was 0.47 and 0.49. Mrtality rates for all
treatnments in the biologist trials were greater than corresponding treatnents
in the angler test group.

Chi-square analysis indicated significant differences in nortality rates
for both trials. Sgnificant differences were found among all treatnents wthin
trials (Appendix A).

The hooking nmortality was derived fromthe original nunber of fish in each
treatnent and nunbers of marked fish found dead by Hagerman Hat chery personnel .
At the end of the study, 25 fish, or 3% of the original nunber were unaccounted
for. Losses nust have occurred through predation, scavenging, or emgration from
t he raceway.

VW nmade the assunption that all mssing fish fromeach marked group had
died from hooking wounds and recalculated Chi-square statistics. This
alternative analysis resulted in the sanme conclusions. There were significant
differences in nortality between all treatnents. Because of these results and
the snmall nunber of fish involved, we have assumed the original proportions are
accurate observations of the hooking nortality in the study.

Dfferences in nortality between the two trials were mninal except for
two |ight-hooked test groups. Mrtality in light-hooked fish ranged from 0. 02
to 0.13. Despite these differences, the study results can be pool ed based on
the heterogeneity Chi-square analysis ( = 1.39, df=2). Pooled estinates for
the entire study were 0.75 for deep-renoved, 0.48 for cut-line, and 0.06 for
I'i ght - hooked fish

Pattern of Mortality

The nmajority of deaths in the deep- hooked groups were within 24 hours.
In the angler trial, 54% and 83% of all cut-line and hook-renoved nortalities,
respectively, occurred within the first 10 hours of the study. N nety-two
percent of all deep-hook-renoved deaths occurred during the first week of the
study. Qut-line nortality was slightly delayed, with 83% of all nortality
occurring during the initial week (Figure 2).

In the biologist trial, the pattern of nortality was simlar for deep-
hooked fish. There was a del ayed response for I|ight-hooked fish in the biol ogi st
group, but the sanple size was small (Figure 2).
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the Hagerman bait-hooking study from June 22 to August 23, 1990. Cut-line and hook-removed
groups were deeply hooked. Bars denote 957 confidence limits.
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Condi ti on

A total of 458 survivors were used in the condition conparisons. Man
condition ranged froma low of 1.24 in cut-line fish fromthe biologist tria
to 1.36 in light-hooked fish fromthe angler trial. Condition factors were
consistently lower in the biologist test group (Figure 3), probably as a result
of the gradi ng process.

For both trials, there was a trend for higher condition in |ight-hooked
and control groups, but the overall differences were insignificant. Condition
factors of cut-line fish met or exceeded that of deep-hook renmoved fish in both
trials. Results of ANOVA indicate no significant differences in condition anong
treatnents (p=0.05) for either the angler (F=1.366, df=3) or biologist trials
(F=2.921, df=2).

Aut opsi es

G 17 hook-renmoved fish surviving two nmonths, we could find no evidence
of hook damage. A total of 53 cut-line fish were autopsied, 29 of which had no
hook present and showed no visible signs of injury. The remaining fish (24) had
hooks present in a variety of anatomcal sites. Mst of these hooks were found
in the esophagus and anterior half of the stomach wall. Only one hook had passed
through the stonach to the ascending intestine (Appendi x B). Four fish had hooks
penetrating both the ventral stonach wall and the anterior portion of the liver.

Use of the coded wire tag detector enabled us to autopsy only fish with
hooks in them W found that 74% of the cut-line survivors had managed to shed
the hook during the 2-nonth study.

Examination of linted nunbers of cut-line nortalities produced different
results. Al but one fish (99.6% retained the hook. The liver was the nost
common hook location for nortalities, followed by gills and the pericardial
sac/ heart area (Appendix B). E ghty-seven percent of the cut-line nortalities
were organ-hooked. Chi-square analysis indicates that survival was dependent
on hook | ocation (p <0.001).

DI SCUSSI ON

Most hooking nortality occurs during the first few days (Wdoski 1977),
but the cut-line group in our study obviously warranted a hol ding period |onger
than one week. V¢ observed no nortality of cut-line fish during the last nonth
of the study. A though four surviving fish had hooks inbedded on the edge of
the liver, overall appearance of these fish was good. W assuned our 2-nonth
study accounted for all nmortality that was going to occur in the test groups.

Cutting the line on deep-hooked fish can have a major effect on bait-
hooking nortality. V& observed a reduction in deep-hooking nortality by 36% when
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conpared to hook renoval. These results are simlar to the 38% reduction
reported by Warner (1979) for 315 mmto 318 nm Atlantic salnon Sal no sal ar.
Both estinates are well bel ow the 61%to 66% estinate of Mason and Hunt (1967)
for rainbow trout. Hulbert and Engstrom (1980) reported a nortality reduction
of 73% for brown trout hooked in simlar |ocations.

Taken col l ectively, the above studies suggest that nortality of deep-hooked
sal nonids can be reduced by approxinmately one- to two-thirds if anglers cut the
line. The average reduction in nortality observed in the above studies is 53%
Applicability of these studies to wild popul ations, however, is unknown.
Mongi Il o (1984) suggested that wild fish nay suffer two to three tinmes greater
hooking nortality than hatchery fish, but direct conparisons are unavail able.
Wrk has been done onwild centrarchids, however, and results suggest benefits
of that magnitude. Widlein (1987) reported a nortality reduction of 88% by
cutting the line for largenmouth bass Mcropterus sal noi des held 20 days. Deep-
hooked bl uegill nortality was reduced from 18%to 0% by cutting the line (Burdick
and Wdoski 1987). However, holding periods in this study were limted to three
days.

Qur study results should not be used as an estinmate of overall bait -hooking
nortality. W deliberately attenpted to naxi mze the frequency of deep hooking
in this effort. Aso, the study was done in a hatchery w th unknown effects on
the incidence of deep hooking. Hatchery studies exam ning hooking nortality may
be biased because participants can see fish "taking" the bait (Warner 1976) and
thus influence the incidence of deep hooking. Lightly-hooked fish caught with
bait suffer mnimal nortality, as do fly- or lure-caught fish (Hulbert and
EngstromHeg 1980). Thus, reductions in bait-hooking |osses by cutting the line
woul d be dependent on overal | deep-hooking nortality rates.

Several studies outside the hatchery raceway have shown that bait-hooked
fish are often lightly-hooked (Hiunsaker et al. 1970; Stringer 1967; Hul bert and
Engstrom Heg 1980; Varner and Johnson 1978). The incidence of deep hooking in
these studies with four different salnonid species ranged from30%to 55%wth a
wei ghted average of 35% A weighted nmean estimate of bait-hooking nortality
fromthe sanme studi es averaged 30% (n=863).

Hul bert and Engstrom Heg (1980) suggested overall hooking nortality in
their pond situation could have been reduced from 22%to only 7% if the |eaders
had been clipped on all deep-hooked fish.

Maj or declines in body condition did not result fromleaving a hook intact
in the digestive tract of rainbow hatchery trout. Mason and Hunt (1967) also
found simlar condition factors when conparing cut-line fish to other treatnents.
Al work on this topic has been done with hatchery fish in raceways. Wet her
these results apply to wild fish in natural situations is unknown.

The condition results are not surprising when considering that 74% of the
test fish shed the hook prior to the conclusion of the study. Mason and Hunt
(1967) also reported a high incidence of hook shedding in two nonths (58%.
The exact mechani sm is unknown, but seens best explained by direct passage
through the gills or the nouth. Autopsy results provided no evidence that hooks
travel out the anal vent. A single hook was |ocated in the anterior end of the
ascending intestine. As in Hul bert and Engstrom Heg (1980), we did observe
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oxidation, but all hooks renained in a single piece during the study period based
on autopsy results. A prelimnary study of hook oxidation rates in stomachs of
hatchery fish (Schill, ldaho Department of Fish and Gane, unpublished data)
suggests that standard commercial hooks w Il not oxidize conpletely during a 2-
nont h peri od.

Fi shery biologists may be skeptical about the utility of cutting the Iine.
Snce the early efforts of Shetter and Alison (1955), fishery biologists have
been taught that bait fishing and quality trout regulations are inconpatible.
Agencies have gone to great lengths to educate the public along simlar Iines.
Bait fishing should not necessarily be ruled out for special regulation waters.
Sudies docunenting the success of special regulations permtting bait are
increasing in the literature (Turner 1986; Qvciari and Leonard 1990; Carline et
al. 1990). Carline et al. (1990) suggested that bait restrictions can, in fact, be
justified biologically in many special regulation situations. The question nay be
related to the goal of the managerment action. If the goal is to provide the
naxi num bi ol ogi cal potential possible or to prevent popul ation collapse, a bait
restriction may be justifiable. If the goal is to achieve a target but not
necessarily maxi mumcatch rate or fish size, a bait restriction nay not always be
needed.

Recent popul ation nodeling for the Big Wod Rver indicated that the
fishery could inprove substantially with a slot limt that permtted the use of
bait to meet managenent goals of catch rate and size (Thurow 1990). Thurow
(1990) predicted that a bait-allowed regulation would produce nore large fish,
but not as many as a no bait one. Many anglers were unwilling to accept a bait
restriction. The controversy resulted in a tenporary court injunction by bait
angl ers blocking the bait restriction. An eventual conprom se was reached and
the river was subdivided into two segnents, one permtting the use of bait.

Court chall enges of special regulations are not new (Bain 1987). They
nmay become common, however, as human popul ati on increases place nore stress on
wild trout populations via habitat |oss or increasing angler nunbers. The use
of bait in sone special regulatin waters nmay elininate sone of these probl ens
in the future.

A sinple analysis shows the possible benefits of special regulations wth
bait allowed. Gven a catchable popul ation of 10,000 fish subjected to catch-
and-rel ease angling and assuning 1) 75% of the population is caught and rel eased
each year; 2) 50% of the fish are caught with bait; and 3) bait-hooking nortality
is 30% (i.e. traditional release); bait-related nortality would be 1,125 fish
or 11.3% of the total population. An additional 1.9% of the popul ati on woul d
be expected to succunb from fly- and lure-related nortality (5% rate). The
conbi ned | evel of hooking nortality (equivalent to 13.2%exploitation) nay reduce
a fishery belowits ultimate potential, but would still provide benefits well
above a liberal harvest situation. Wiether the additional 11.3% nortality is
i nportant depends on managenent goal s, fishery productivity, and social needs.

The above exanpl e can al so denonstrate the potential benefits of the |eader
cutting technique. Assunming that deep-hooking accounts for essentially all bait-
rel ated deaths, reductions of 33%to 66%via cutting the line would result in
a population nortality rate of 6% to 10% vs 13.2% using traditional release
t echni ques.
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(bviously all anglers wll not cut their |eaders. Even wi despread
education efforts would not reach all anglers. CGthers may be unwilling to adopt
the practice for reasons including expense, tine |oss, or humane concerns. W& do
not know the percentage of salnonid anglers who currently cut |eaders.
Widlein (1987) reported that 20% of Shasta Lake bass anglers cut the line on
deep- hooked fish. Estinates of current release practices followed by education
canpai gns and subsequent eval uati ons woul d show benefits of angler educati on.

A ven current perceptions on bait-hooking nortality, the leader cutting
technique nay prove nore useful in general regulations than for special
regul ations on individual waters. Restrictive regulations have been adopted over
| arge geographic areas in ldaho to reverse declines in cutthroat trout. The
regul ations (1 fish over 356 nmand a 2-fish slot lint) cover over 30,000 knt;
an area too large to consider a bait restriction. Educating the public about
better release techniques would seem appropriate in these situations. Hunt
(Wsconsin Departnent of Natural Resources, \Wupaca, personal commnication)
estinmated 260,000 trout could be saved each year in Wsconsin if anglers cut
| eaders when rel easing fish.

Little effort appears to have been nade to encourage anglers to cut
| eaders. A few states have included a short infornational note in their fishing
regul ations. Qne exception is in Wsconsin where regul ation brochures encourage
anglers to cut-the-line" on deep-hooked fish. A canpaign featuring a free hook
inside an informati onal panphlet was also distributed in Wsconsin (R Hunt,
Wsconsin Departnment of Natural Resources, personal communication). A sinilar
i ncentive programwas begun on Bl ackfoot Reservoir in southeastern Idaho in 1990.
The success of these educational efforts is unknown.

Mich can still be learned about bait-hooking nortality in streans. Feld
studies of hooking locations in actual streamfisheries with "real” anglers woul d
provide better overall estimates. Mst studies docunenting hook |ocations have
been conducted in hatcheries or in lakes or ponds. Those done in streams have
limted sanpl e sizes (Shetter and Al lison 1955; Vérner 1978).

Gven the popularity of bait fishing, few studies have been done on ways
to reduce hooking nortality (Lewensky 1986). Hook size can influence bait
nortality (Shetter and Alison 1955; Hulbert and EngstromHeg 1980), but
additional work is needed (Monguillo 1984). The potential of new hook designs
in reducing the incidence of deep hooking should be investigated. The Grcle
C hook (Eagle daw Tn) is one such possibility. The incidence of deep-hooking
in ocean bottomfish with this hook type declines substantially when conpared
to traditional hook designs (S. Kaimrer, Pacific Halibut Commission, Seattle,
personal communi cation). Finally, the effects of cutting the line should be
examned in a wild fishery. Hooking nortality of wild trout may be higher than
for hatchery fish (Mnguillo 1984).

Continued growh in angler nunbers wll necessitate nore restrictive
regulations in the future. The continual displacement or elimnation of a large
segnent of the angling public by bait restriction will neet resistance. This

resi stance may becone nore of an inpedinent to sound harvest restrictions. n
nany waters, inposing the mnimim possible restrictions for a fishery while
still providing good quality fishing will be the challenge of the future.
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SUVMVARY AND CONCLUSIONS

V¢ conpared the survival of deep-hooked hatchery trout released by cutting
the leader and by renoving the hook. Results show a 36%reduction in nortality
when the line was cut. V& observed no significant decline in condition of fish
released with this nethod. Qur results were simlar to other work. Al such
wor k, however, has been done with hatchery fish. Existing information suggests
that nortality can be substantially reduced if anglers cut |eaders on deep-hooked
trout. Results from these studi es shoul d, however, be verified with wild trout
in natural streans before major public education efforts are undertaken

RECOMVENDATI ONS

1. Exanmine the effects that hook or fish size have on bait-hooking nortality.
These factors could influence survival of fish released by cutting the
| eader.

2. Investigate alternative hook designs that night reduce the incidence of

deep-hooki ng. The prinmary cause of high release nortality of bait-caught
fish is the incidence of deep-hooking. Hook design may influence the

frequency of hook ‘swallow ng.’

3. Verify results fromthese studies wth wild trout in a stream Al past
work on cutting leaders in salnonids, including this study, have been done
with hatchery fish. Results from hatchery fish may not apply to wild
trout.

4. Conduct a field study to describe the percentage of deep-hooking in "real’
bait fisheries. This information would be useful in providing better

estimates of overall bait-hooking nortality.
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Appendi x A Summary of tests of independent (Chi-square) fromhooking nortality
during the Hagerman bait-hooki ng study, June 22 to August 23,

1990.
Bi ol oqi st Tri al Angl er Tri al
Cal c. Cal c.
G oups Chi - G oups Chi -
conpar ed® square df Pr ob. conpar ed squar e df Pr ob.
2,3,4 53.0 2 p <.001 1,2,3,4 224.0 3 p <.001
3,4 12.3 1 p <.001 2,3,4 133.3 2 p <.001

3,4 22.3 1 p <.001

aTreat ment groups identified as follows:
1 - Control
2 - Light-hooked
3 - Deep-hook renoved
4 - Deep-cut-line
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Appendi x B. Hook | ocations of both study survivors and nortalities originally
rel eased by cutting the line during the Hager man bait-hooki hg st udy,
June 22 to August 23, 1990.

Organ hooked Di gestive tract
peri caudal ascendi ng
St at us gills sac/heart liver total esophagus stonach intestine total
Mortalities 4 3 13 20 1 2 0 3
Sur vi vors 0 0 4 4 8 11 1 20
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JOB PERFORVANCE REPORT

State of: |daho Nane: R ver and Stream | nvestigations
Project No.: F-73-R-13 Title: HE ectrophoresis Sanpling

Cui del i nes
Subproject No.: 11 Job No.: 4

Study No.: 1V

Period covered: March 1, 1990 to March 31, 1991

ABSTRACT

VW reviewed literature and contacted several genetics experts to devel op
gui delines for el ectrophoretic sanpling in Idaho. W concl ude that el ectro-
phoresis should only be used to detect hatchery introgression. Hghest priority
shoul d be given to suspected "pure" populations in waters or draihages currently
receiving hatchery trout. Wse of the technique for |ocating "unique" popul ations
can be nmsleading and should not be used in our managenment decisions. M ni num
| evel s of introgression that reduce performance of w ld salnonid stocks are not
available fromthe literature. Any introgression should be considered a threat
to the productivity of our wld stocks.

Aut hor ;

Dan Schill
Seni or Fishery Research Bi ol ogi st
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I NTRODUCTI ON

| daho Departrent of Fi sh and Gane is concerned about the genetic integrity
of our wild trout stocks (ldaho Departnent of Fi sh and Gane F ve-Year Managenent
Plan 1991). This interest is an effort to preserve unique stocks and limt the
effects of introgression. Hatchery introgression results in the progressive |oss
of genetic variation in wld trout populations (A lendorf and Leary 1988). Lost
variation may |lead to reduced performance of individual stocks in terns of
growth, survival, fertility, and resilience to catastrophic events (A | endorf
and Leary 1988). Cenetic dilution can lead to a |loss of the characteristics we
think make wild trout stocks unique and to a loss of viability (R eman and
Apperson 1989). R eman and Apperson (1989) recommended a survey of genetic
purity of ldaho cutthroat stocks to 1) identify popul ati on stronghol ds, 2)
provide a baseline for nmonitoring the genetic effects of hatchery prograns, and
3) identify the best sites for collection of broodstock. A simlar case can be
made for wild rai nbow trout stocks.

The lIdaho Departnent of F sh and Gane al so receives frequent requests from
other agencies and researchers for permts to conduct electrophoretic
inventories. Sonme of these requests are designed to address introgression
concerns. Qthers focus on the "uniqueness’ of an individual popul ation. V& have
few gui del i nes concerning el ectrophoretic studies and sanpl e sizes needed for
these different objectives. S nce current genetic work requires |lethal sanpling
gui del i nes woul d be useful to fisheries personnel.

OBJECTI VE

1. To develop el ectrophoresis sanpling guidelines for Idaho wild trout
popul ati ons.

METHODS

Qur approach to guideline devel opment was a review of the literature and
di scussions with recogni zed genetics experts in several states. V& sought to
address to the followi ng specific topics for guideline devel opnent:

1. Summari ze the use of el ectrophoresis to distingui sh subspecies or species
of wild trout in Idaho.

2. Identify the level of introgression that can cause reduced |evels of
fitness or performance in wild trout.

3. Identify sanple sizes needed to detect 1) harnful |evels of introgression
and, 2) genetic divergence at the subspecies |evel.

4. Identify questions relevant to our managenent goal s that can be addressed

wi th el ectrophoresis.
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RESULTS AND DI SCUSSI ON

El ectrophoretic differentiation of fish stocks is based on alleles or
alternate fornms of genes. The frequency of occurrence for various alleles is
often different anong stocks of interest. Wen alleles can be used to
differenti ate between stocks, their location on the chronosone is called a
diagnostic loci. A loci is considered diagnostic between stocks if stock A is
fixed for a given allele 100% of the time and stock B has the alternative form
95%or nore of the time (R Leary, Montana State University, Mssoul a, personal
conmmuni cation). Diagnostic loci are available for differentiating between
west sl ope cutthroat, Yellowstone cutthroat, and rai nbow trout popul ations (Table
1). Yellowstone cutthroat trout cannot be clearly separated from Snake R ver
fine-spotted cutthroat (A lendorf and Leary 1988) or from popul ati ons commonly
referred to as Bonneville cutthroat trout fromnorthern portions of their range
(WIllianms, Boise State Wniversity, Boise, personal communication). Therefore,
Bonnevill e cutthroat trout popul ations from southeast Idaho identified via
meristic counts (Vallace 1978, 1980) probably cannot be separated from nearby
Yel | onst one stocks with el ectrophoresis. The above information can be used to
evaluate the nerits of proposed el ectrophoretic work. For exanple, recent
requests by Caribou National Forest personnel to conduct a search of potenti al
Bonrlugvi Ile cutthroat streans planted with Yell owstone cutthroat may have |imted
utility.

V¢ found no guidelines on mninmmlevels of hatchery introgression expected
to reduce fitness of wild stocks. Reduced fitness of hybrids (outbreeding
depression) is thought to occur in sone aninmals because the effects of locally
adapted gene groups are disrupted via introgression (Allendorf and Leary 1988).
Reduced devel opnental stability has been denonstrated for a nunber of sal nonid
hybrids (Leary et al. 1985). However, the same authors suggested that reduced
devel opnental stability of some hybrids may not be great enough to result in
large selective differences. The wi despread existence of hybrid trout
popul ati ons suggest that outbreeding depression is not a serious problemin trout
(Al'l endorf and Leary 1988).

Several authors have reported reduced survival or gromth of wild x hatchery
progeny in streans (Reisenbickler and MlIntyre 1977; Chilcote et al. 1986). In
both of the above studies, however, introgression was probably severe.
Quantifying the degree of introgression in the latter study is difficult because
of the study design. Introgression in the Reisenbickler and MlIntyre (1977)
study was approximately 50% (J. Mlintyre, United States Forest Service
Intermount ai n Research Station, Boise, personal communication). No data on the
conparative effects of various levels of introgression (e.g. 40% 20% 10% 5%
and 1% has been collected. Logistics and unrealistic tinme frames needed for
such a study, perhaps 30 years, preclude such an effort (R Leary, Mntana State
Uni versity, Mssoula, personal communication). The conservative approach nay
conclude that any level of introgression with hatchery fish is detrinental to
wild stocks. This is the approach taken with Idaho's wild sal mon and steel head
streanms (|daho Departnent of Fish and Gane 1991).

In addition to reduced fitness, Alendorf and Leary (1988) suggested that
the eventual outcone of w despread introgression via hatchery rai nbowtrout could
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be the honogeni zation of all western trout stocks into a single "nongrel
species." The loss of local native trout stocks could degrade the quality of
fisheries for sone persons and undo the result of thousands of years of evol ution
(Al'l endorf and Leary 1988).

As di scussed above, nmnimm levels of hatchery introgression that could
i mpact fitness have not been developed for wild fisheries. Therefore, the
di scussi on of sanples sizes needed to detect these levels is nute.

If we nust assune any introgression is undesirable, what is the nininum
sanpl e size needed to detect any level at all? It has been suggested that |evels
bel ow 1% introgression are difficult to detect (A lendorf and Leary 1988).
Sanpl e sizes needed to detect 1% foreign genes with 95% confidence for several
| daho stocks are as follows (R Leary, Mntana State University, Mssoula,
per sonal communi cation):

N
West sl ope cutthroat and rai nbow trout 25
West sl ope cutthroat and Yel | owst one cutthroat 13
Yel | owst one cutthroat and rai nbow trout 15

The nunber of diagnostic loci available is the najor factor influencing
necessary sanple size. Since individual labs nmay not all use the same diagnostic
loci, sanple sizes needed could vary. The above recommendati ons are based on
di agnostic Loci identified by the Montana State Lab (Table 1). To calcul ate
sanpl e sizes needed for other labs (detecting 1% introgression with 95%
confidence), obtain the nunber of diagnostic loci they intend to exanine and
use the following fornula (R Leary, Mntana Sate Uhiversity, Mssoul a, personal
conmuni cation):

X = 149/ (nunber of diagnostic |oci)

Only two loci have been identified for separating between |daho wld
rai nbow trout and coastal rainbow trout (hatchery) stocks (Conpton and Johnston
1985; Wl lians and Schiozawa 1991). Neither of these loci are diagnostic (R
Leary, Mntana State University, Mssoula, personal communication). Estimating
the degree of hatchery rainbow introgression in our wld rainbow stocks is
therefore nore subjective (WIlians and Schiozawa 1991). UWnl ess diagnostic | oci
are found, attenpts to docurent |ow |levels of hatchery rainbow introgression in
our wild rainbow trout stocks is not possible. Use of Mtochondrial DNA anal yses
in concert with electrophoresis nay, in the future, provide better estinates
(WIllians, Boise State University, personal communication, Boise; R Leary,
Montana State University, Mssoula, personal conmmunication). Low |levels of
i ntrogression could, however, renain undetected even with both techniques (R
Leary, Montana State University, personal conmunication).

Use of electrophoresis in detecting hatchery introgression in our wld
stocks should receive nore priority than in the past. Gven the w despread
pl anting of hatchery fish in Idaho streans, inpacts to wild stocks nay be a najor
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probl em Genetic introgression is believed to be the nost inportant cause for
decline of westslope cutthroat trout in Mntana (Li knes and G aham 1988).
Detection of introgression and nodification of hatchery plants coul d sl ow down
or reverse | osses.

We should prioritize future el ectrophoretic inventories by sanpling
popul ati ons thought to be suspected as "pure" (R enman and Apperson 1989).
H ghest priority should be given to waters or drainages currently receiving
hatchery trout. Low |levels of hatchery rainbow introgression in wld rai nbow
trout stocks will not be detectable with current techniques. Such waters shoul d
receive less sanpling priority than waters with other species conbinations.
Exceptions would be in situations where nanagers anticipate naki ng naj or changes
in stocking practices even if substantial introgression has already occurred.

H ectrophoresis has al so been used to docunent the 'uniqueness of a stock
For studies addressing genetic differences and "uni queness" of wld stocks, it
seens to be a consensus that the nmore loci screened the better. The nunber of
| oci screened should be at |least 30 (Leary et al. 1987). The nunber of fish used
is not well established and has ranged from5 individuals per population to as
many as 94 (T.C. Bjornn, University of |daho, Mscow, personal communication).
Reasonabl e guidelines for such work would be 30 fish and 45 loci (WIIians,
Boi se State University, Boise, personal communication). In studies where funds
are limted, increasing the nunber of loci examned is preferable to nmaxin zing
fish nunbers. Increasing the nunber of fish sinply increases the precision of
allele frequency estimates. Increasing the nunber of |oci examned allows nore
genetic material to be examned for differences (WIllians, Boise State
Uni versity, Boise, personal conmunication).

One phil osophy that seens to acconpany the search for “unique’ genotypes
is that those stocks should be afforded greater habitat protection than "nornal"
stocks. H ectrophoretic techniques have inportant linitations, however. Results
reflect specific genes in the DNA code. Any sanple of specific loci reflect only
a very snmall percentage of genes present (Rynman and Wters 1987). Statistica
tests often used to conpare allele frequencies al so have poor statistical power
(Kapusci nski and Jacobson 1987; Fairbarin and Roff 1980). Therefore, failure
to find differences el ectrophoretically does not nean they are not present.

It seens likely that |arge nunbers of populations with truly unique genetic
characteristics will be incorrectly classified as not different using
el ectrophoresis. Cher genetic tools, such as Mtochondrial DNA anal yses, nay
be nmore effective in tracing genetic lineages (WIlians, Boise State University,
Boi se, personal communication). However, these techniques are not yet fully
devel oped.

Uhtil genetic tools examine nost or all of the genonme, the prudent approach
to managenment would be to classify and manage stocks as "uni que" based on
phenot ypi ¢ and behavi oral characteristics. Such an approach has been strongly
advocated in the past (Behnke 1979). Life history adaptations in many renote
wild stocks nay remai n unknown for years into the future.

Use of electrophoresis for identifying unique stocks should not be a
priority for our departnent. This does not mean to downplay the inportance of
academ ¢ workers docunenting the genetic divergence of wild trout stocks.
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However, given current shortages of funds for genetic work, it appears that our
enphasi s should be placed on the introgression question. This seens especially
true when considering that we have direct control over hatchery introductions
vs indirect control of habitat quality in nost instances.

SUMVARY AND RECOVMENDATI ONS

1. The Department should increase genetic inventory of inportant wld
trout populations with enphasis on detecting introgression. H ghest
priority should be given to suspected "pure" populations in waters or
drainages currently receiving hatchery trout. Less priority should be
given to wild rainbow trout populations in waters being planted with
hat chery rai nbow t rout.

2. M ni num sanpl e sizes to detect 1%i ntrogressi on (based on diagnostic |oci
identified by Mont ana State Lab) are as foll ows:

West sl ope cutthroat and Yel |l owstone cutthroat trout (25)
— Westslope cutthroat and rai nbow trout (13)
Yel | owst one cutthroat and rai nbow trout (15)

Sanpl e sizes are dependent on the nunber of diagnostic |oci conpared and
could, therefore, change for various |abs.

3. Few loci exist to differentiate between coastal (hatchery) rainbow trout
and our wild rai nbow stocks. El ectrophoretic results will be nore
subj ective in these instances.

4. El ectrophoretic results can be msleading since we can look at only a
subsanpl e of the entire genone. W should not use el ectrophoresis to
classify wild popul ations as "unique." The best approach that the
Department has taken is to advocate responsible habitat managenent for all
wild trout popul ations.

5. |f el ectrophoresis is used to detect unique popul ations, as many | oci
as possi bl e should be screened (mnimum of 45). Sanple size should be 30

fish or nmore. Maxim zing the nunber of loci examned is preferable to
i ncreasi ng the nunber of individual fish exam ned.
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